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PREFACE

Overview of Report

This interim final report on hazardous air pollutant (HAP)
emissions from fossil fuel-fired electric utility steam
generating units (i.e., utilities) has been prepared by the
United States Environmental Protection Agency (EPA) pursuant to
section 112 (n) (1) (A) of the Clean Air Act, as amended in 1990
(the Act). This report provides the Congress and the public with
information regarding the emissions, fate, and transport of
utility HAPs.

The primary components of this interim report are the
following: (1) a description of the industry; (2) an analysis of
emissions data; (3) an assessment of hazards and risks due to
inhalation exposures to numerous HAPs (e.g., arsenic, nickel,
cadmium, chromium, beryllium, and others [but excluding

mercury]); (4) an assessment of risks due to multipathway
(inhalation plus non-inhalation) exposure to one class of HAPs
(radionuclides); (5) a general assessment of the fate and

transport of mercury through various environmental media; and (6)
a discussion of alternative control strategies.

The assessment for mercury in this interim report includes a
description of mercury emissions, deposition estimates, control
technologies, and a dispersion and fate modeling assessment which
includes predicted levels of mercury in various media (including
soil, water, and freshwater fish). These predicted levels are
based on modeling of mercury emissions from four representative
utility plants using hypothetical scenarios. The EPA has not
evaluated exposures to mercury emissions from utilities for
humans or wildlife in this interim report. If appropriate and
feasible, the EPA may include these analyses in the final report.

To provide general information regarding potential
background levels of several HAPs (i.e., mercury, arsenic,
cadmium, lead, and dioxins) in the environment due to all sources
(natural and anthropogenic), this interim report presents
measured levels in various media (e.g., soil, air, water, and
food products) as reported by various studies.

Assessments of human exposures to mercury and the associated
risks of health effects were included in previous drafts of this
report and in a related draft EPA report (Mercury Study Report to
Congress [i.e., mercury study]). However, during external review
of these draft reports, several critical issues related to the
mercury risk assessment, including the impending release of new
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mercury health data, were raised. As a result of that review,
the Agency plans to complete the mercury study when two important
on-going human health studies are published and reviewed. At
this time, the EPA believes that it is appropriate to exclude
such assessments for mercury until after the mercury study is
issued. However, this issue is still under consideration and
negotiation, and may be dependent on results of additional peer
review and other factors.

With regard to non-inhalation exposures (e.g., ingestion) to
other HAPs, this report presents a limited qualitative discussion
of arsenic, cadmium, dioxins, and lead. However, non-inhalation
exposures were not estimated for these four HAPs because of the
complexity and the intensive data requirements of such analyses.
The EPA recognizes that non-inhalation exposures could be
important for these HAPs. Therefore, the EPA has initiated a
multipathway assessment for arsenic, and may consider conducting
assessments for additional HAPs in the future.

This report is not a final report because the assessment of
impacts to public health is not yet complete. For example, as
indicated above, the evaluation of risks due to non-inhalation
exposures was limited. In addition, conclusions regarding the
significance of the risks, as well as the regulatory
determination required in section 112(n) (1) (A), are not provided.

The EPA plans to publish a final utility HAP report at a
later date which will include a more complete assessment of the
exposures, hazards, and risks due to utility HAP emissions, and
will include conclusions, as appropriate and feasible, regarding
the significance of the risks and impacts to public health. 1In
addition, the EPA plans to include in the final report a
determination as to whether regulation of HAPs from utilities
under section 112 is appropriate and necessary, as required by
section 112 (n) (1) (A) of the Act and a court order. This court
order was issued pursuant to litigation filed against the EPA for
failing to meet the statutory deadline for the utility report.
The EPA intends that this regulatory determination would be a
decision, based on the estimated impacts to puklic health,
whether or not to pursue a regulatory development program under
section 112. During any regulatory development process, the EPA
would evaluate a range of potential control technologies and
emission reduction options and their associated costs.

There are uncertainties, data gaps, and limitations to the
current analyses, which are discussed throughout this interim
report. If new data become available or improvements are made to
the analyses, these changes will be included in the final report.
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Peer Review

Draft versions of this report were reviewed during the
summer of 1995 by numerous non-EPA scientists representing
industry, environmental groups, academia, and other
organizations. In the Spring of 1996, the draft report underwent
additional review by EPA, State and local air pollution agencies,
and other Federal agencies. In addition, a revised draft interim
report underwent an expedited review (1 week) by State and local
air pollution agencies and other Federal agencies during
September 1996.

The EPA has revised the report, as appropriate, based on the
reviewers'’ comments. However, there were several comments that
could not be fully addressed because of limitations in data,
methods, and resources. At the end of each Chapter, the EPA has
included comments received from other Federal Agencies (e.g.,
Department of Energy, Food and Drug Administration, National
Marine Fisheries Service) that were not fully addressed, along
with relevant explanations, as appropriate.

Draft versions of this report, along with all the comments

received, have been submitted to the docket (A-92-55) and are
available for public inspection.
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EXECUTIVE SUMMARY
ES.1 BACKGROUND

This interim final report on emissions of hazardous air
pollutants (HAP) from fossil fuel-fired electric utility steam
generating units (i.e., utilities) was prepared by the United
States (U.S.) Environmental Protection Agency (EPA) pursuant to
section 112(n) (1) (A) of the Clean Air Act (the Act), as amended
in 1990. The primary components of this interim report are: (1}
a description of the industry; (2) an analysis of emissions data;
(3) an assessment of hazards and risks due to inhalation
exposures to numerous HAPs (e.g., arsenic, nickel, chromium); (4)
an assessment of risks due to multipathway (inhalation plus non-
inhalation) exposure to one class of HAPs (i.e., radionuclides);
(5) a general assessment of the fate and transport of mercury
through environmental media; and (6) a discussion of alternative
control strategies.

The study was based on two scenarios: (1) 1990 base year
emissions; and (2) 2010 emissions. The 1990 scenario was chosen
since that was the year the Amendments to the Act were passed and
was the latest year for which utility operational data were
available. The 2010 scenario was selected to meet the section
112 (n) (1) (A) mandate to evaluate hazards “after imposition of the
requirements of the Act.” Primarily, this meant assessing the
hazards after the on-going and future regulatory activities under
other provisions of the Act (e.g., ambient air quality and acid
rain programs) are in place. The 2010 scenario also included
estimated changes in HAP emissions resulting from projected
trends in fuel choices and electric power demands.

ES.2 DESCRIPTION OF INDUSTRY

A total of 684 utility plants were identified in the U.S.
These utilities are fueled primarily by coal (59 percent of total
units), oil (12 percent), or natural gas (29 percent). Many
plants have two or more units (i.e., boilers) and several plants
burn more than one type of fuel (e.g., contain both coal- and
oil-fired boilers). There are 426 plants that burn coal as one
of their fuels, 137 plants that burn oil, and 267 plants that
burn natural gas.

There are many different types of facilities, varying in
boiler type, emission control devices (controls), and other
characteristics. Based on data for 1990, all coal-fired units
and about one-third of oil-fired units use some form of
particulate matter (PM) control. Approximately 15 percent of
coal-fired units utilize add-on controls for sulfur dioxide
(SO,) . Approximately 70 percent of oil- and gas-fired units



employ controls for nitrogen oxides (NO,); and 80 percent of
coal-fired units have NO, controls.

ES.3 EMISSIONS DATA ANALYSIS

Emission estimates for the years 1990 and 2010 were based on
emissions test data from 52 units obtained from extensive
emission tests by the Electric Power Research Institute (EPRI),
the Department of Energy (DOE), the Northern States Power
Company, and the EPA. The testing program was designed to test a
wide range of facility types with a variety of control scenarios;
therefore, the data are considered generally representative of
the industry. However, there are uncertainties in the data
because of the small sample sizes for specific boiler types and
control scenarios.

These test data provided the basis for estimating average
annual emissions for each of the 684 plants. A total of 67 HAPs
were identified in the emissions testing program as potentially
being emitted by utilities. Tables ES-1 and ES-2 present
estimated emissions for a subset of HAPs.

The average annual emissions estimates are considered
appropriate for assessing long-term exposures on a national
basis. However, since the EPA did not have emissions test data
for each utility in the U.S., there may be individual plants for
which the EPA either underestimated or overestimated emissions.
Based on an uncertainty analysis, the average annual emissions
estimates are predicted to be roughly within a factor of plus or
minus three of actual annual emissions. However, this analysis
had limitations. For example, the analysis did not include data
on potential upsets or unusual operating conditions; therefore,
the range of uncertainty could be greater. The range of
uncertainty for short-term emissions has not been determined.

ES.4 GENERAL APPROACH TO EXPOSURE AND RISK ASSESSMENT

Most of the risk assessment focused on inhalation exposure.
All 67 HAPs were assessed for inhalation exposures, at least at a
screening level. Non-inhalation exposures are presented for one
class of HAP (radionuclides).

For many of the 67 HAPs, inhalation exposure is believed to
be the dominant exposure pathway. However, for HAPs that are
persistent, biocaccumulate, and are toxic by ingestion, the non-
inhalation exposure pathways are likely to be more important. 1In
addition to radionuclides, the EPA also identified five other
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Table ES-1. Nationwide Utility Emissions for a Subset of HAPs

B I e
Nationwide HAP emission estimates (tons per year)?
HAP Coal (426 plants) Oil (137 plants) Natural gas (267 plants)

L7990 | 2000 | 1990 | 2010 | 19%0 2010
Arsenic 54 54 5 3 0.16 0.25
Cadmium 1.9 2.3 1.7 0.9 0.054 0.086
Chromium 70 83 4.7 2.4 1.2 1.9

| Lead 72 83 1 5.6 0.44 0.68
Mercury 51 65 0.25 0.13 0.0016 0.0024
Nickel 48 57 390 200 2.3 3.5
Hydrogen chioride 140,000 150,000 2,900 1,500 NMm® NM

“ Hydrogen fluoride 20,000 26,000 140 73 NM NM
Dioxins® 0.00015 0.00020 1x10° 5x 10°¢ NM NM

. The emissions estimates in this table are derived from model projections based on a limited sample of

specific boiler types and contral scenarios. Therefore, there are uncertainties in these numbers.

Based on an uncertainty analysis conducted for this study, the EPA predicts that the emissions

estimates for individual plants are generally within a factor of roughly three of actual emissions.

NM = Not measured.

¢ These emissions estimates were calculated using the toxic equivalency (TEQ) approach, which is
based on the summation of the emissions of each congener after adjusting for toxicity relative to
2,3,7,8-tetrachlorodibenzo-p-dioxin li.e., 2,3,7,8-TCDD).

HAPs (mercury, arsenic, dioxins, cadmium, and lead), that could
present additional impacts due to non-inhalation exposures. The
dispersion, fate, and environmental concentrations of mercury
were evaluated; however, exposures and risks were not estimated.
The other four HAPs (arsenic, dioxins, lead, and cadmium) were
examined qualitatively for their potential for multipathway
hazards. However, multipathway exposure assessments were not
conducted for these four HAPs. The EPA recognizes that for
mercury, as well as these other four HAPs, non-inhalation
exposures could be important. Quantitative analyses were not
performed for arsenic, cadmium, dioxins, and lead because of the
complexity of such analyses, the intensive data requirements of
such analyses, and because of the limited chemical-specific data
available (e.g., chemical-specific air-to-plant biotransfer
factors, bioconcentration factors, chemical-specific plant uptake
rates) for conducting such analyses. The EPA plans to continue
assessing the multipathway exposures and hazards for mercury.
The EPA has initiated a multipathway assessment for arsenic.
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Table ES-2. Estimated Emissions From Characteristic Utility
Units (1990; tons per vear)

Natural gas
Unit size (MWe): 325 160
Arsenic 0.081 0.016
Cadmium 0.00051 0.0077 NC®
Chromium 0.086 0.018 NC
ff Lead 0.075 0.053 NC
“ Mercury 0.05 0.0012 NC
II Hydrogen chloride 190 9.4 NC
Hydrogen fluoride 14 NC NC
Dioxins® 0.00000014 0.000000035 NC
Nickel NC 2.1 0.004

® There are uncertainties in these numbers. Based on an uncertainty analysis conducted for this study,

the EPA predicts that the emissions estimates are generally within a factor of roughly three of actual

emissions.
e NC = Not calculated.
¢ See footnote b of Table ES-1.

Multipathway analyses may be undertaken for some of the other
HAPs (e.g., dioxins) in the future should the EPA determine that
such analyses are feasible and warranted, and as resources allow.

ES.5 SCREENING ASSESSMENT

Initially, the EPA conducted a screening assessment that
considered inhalation and non-inhalation exposure routes for all
67 HAPs to identify priority HAPs for more detailed assessment.
To screen for inhalation exposures, the EPA used the Human
Exposure Model (HEM) to model the 67 HAPs from all 684 utility
plants utilizing generally conservative assumptions (i.e.,
assumptions that are more likely to overestimate rather than
underestimate risks) to estimate inhalation risks for maximally
exposed individuals (MEIs). If the MEI risk was above a minimum
measure (e.g., exposure greater than one-tenth the inhalation
reference concentration [RfC] or cancer risk greater than 1
chance in 10 million), then the HAP was chosen for more study.
For non-inhalation exposures, the 67 HAPs were prioritized by
considering four criteria: (1) persistence; (2) tendency to
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biocaccumulate; (3) toxicity by ingestion; and (4) quantity of
emissions.

Based on this assessment, 15 HAPs (arsenic, beryllium,
cadmium, chromium, lead, manganese, mercury, nickel, hydrogen
chloride [HCl}, hydrogen fluoride [HF], acrolein, dioxins,
formaldehyde, n-nitrosodimethylamine, and radionuclides) were
identified as priority based on their potential to pose impacts
to public health due to inhalation or non-inhalation exposures.
The other 52 HAPs were not evaluated beyond the screening
assessment.

ES.6 INHALATION RISK ASSESSMENT — LOCAL ANALYSIS

The EPA estimated inhalation exposures and risks due to
dispersion of HAP emissions within 50 kilometers (km) of each of
the 684 plants individually (i.e., local analysis). For 14 of
the 15 HAPs, the HEM was used; for radionuclides, the Clean Air
Act Assessment Package-1993 (CAP-93) model was used. The cancer
risks for gas-fired plants were less than one chance in one
million (i.e., 1 x 10°%) and no noncancer hazards were
identified; therefore, gas-fired plants are omitted from the
following discussions.

In cases where data were missing or incomplete, the EPA had
to make various assumptions. A few of these assumptions are more
likely to overestimate risks. Other assumptions used are likely
to underestimate risks. Based on an uncertainty analysis
conducted for this study, it is estimated that these assumptions
taken together lead to a reasonable high-end (i.e., conservative,
but not overly conservative) estimate of the risks due to
inhalation exposure within 50 km of plants. That is, the risk
estimates from the local analysis are estimated to represent
approximately the 90th to 95th percentile. Conservative
estimates are considered appropriate so that errors are on the
side of public health protection.

ES.6.1 Inhalation Cancer Risks for Coal-fired Utilities Based on
Local Analysis

The large majority of coal-fired plants (424 of the 426
plants) are estimated to pose lifetime cancer risks (i.e.,
increased probability of an exposed person getting cancer during
a lifetime) of less than 1 chance in 1 million (i.e., 1 x 107°)
due to inhalation exposure. Only two of the 426 plants are
estimated to pose inhalation risks greater than 1 x 10° (see
Figure ES-1).
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The increased lifetime cancer risk due to inhalation
exposure to HAP emissions for the highest MEI, based on the local
analysis, is estimated to be 5 x 10°°. Arsenic and chromium are
the HAPs contributing most to the inhalation cancer risks (Table
ES-3). Aall other HAPs, including radionuclides, were estimated
to present inhalation risks less-than 1 x 10°°.

The cancer incidence in the U.S. due to inhalation exposure
to HAP emissions (including radionuclides) from all 426 coal-
fired utility plants based on the local analysis is estimated to
be approximately 0.2 cancer case per year (cases/yr), or 1 case
every 5 years.

ES.6.2 1Inhalation Cancer Risks for Oil-fired Utilities Based on
Local Analysis

The majority of the oil-fired plants (more than 114 of the
137 plants) are estimated to pose inhalation cancer risks less
than 1 x 10°¢. However, up to 22 of the 137 oil-fired plants are
estimated to present inhalation risks above 1 x 10® (see Figure
ES-2). Nickel, arsenic, radionuclides, and chromium are the
primary contributors to these cancer risks.

The highest contribution to the MEI risk is nickel. The
range in MEI risk (see Table ES-4) reflects a range in
assumptions regarding the form of nickel being emitted and the
associated cancer potency. Nickel subsulfide is a known human
carcinogen and appears to be the most carcinogenic form based on
available data. Several other nickel species are also
potentially carcinogenic but the potencies are not known.

To evaluate the range of potential risks due to nickel
emissions, the EPA estimated risks due to nickel emissions using
various assumptions for nickel cancer potency. For example,
assuming the nickel mix is 100 percent as carcinogenic as nickel
subsulfide, the highest MEI inhalation cancer risk due to the
aggregate of HAP emissions from the highest risk oil-fired
utility plant is estimated to be 1 x 10™. Assuming the nickel
mix is 10 percent as carcinogenic as nickel subsulfide, the
highest MEI inhalation risk is approximately 3 x 10°. The
values in Figure ES-2 are based on the assumption that the nickel
mix is 100 percent as carcinogenic as nickel subsulfide.

Estimated risks due to inhalation exposure for a subset of
HAPs based on the local analysis are presented in Table ES-4.
All other HAPs analyzed were estimated to pose inhalation cancer
risks below 1 x 10°® for all 137 oil-fired plants.
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Table ES-3. Summary of 1990 Inhalation Cancer Risk Estimates
from Local Analysis for Coal-fired Utilities

MEI lifetime | Population with lifetime risk Number plants with ME!

> 1x10° lifetime
_ risk > 1 x 10°
Arsenic 3x10° 2,400 2
Chromium 2x 10°® 110 1
Total® (Aggregate of HAPs) 5 x 10 2,400 2

Estimated MEI risk due to inhalation exposure for the “highest risk” coal-fired plant. Based on an
uncertainty analysis, these estimates are considered reasonable high-end estimates (roughly the 90th
to 95th percentile) of the risks for the MEI due to inhalation exposure (see section ES.6.3).

Estimated risk due to inhalation of the aggregate of HAPs assuming additivity of risk for 26 individual
carcinogenic HAPs.

Table ES-4. Summary of 1990 Inhalation Cancer Risk Estimates
Based on Local Analysis for Oil-fired Utilities

Highest ME! lifetime risk®] Population with lifetime risk
> 1x10° lifetime risk > 1 x 108
Nickef® 1x10%t0 9 x 10°% 2,400 to 1,600,000 2to0 20
Arsenic 1x10% 2,400 2
Radionuclides 1x10°% 2,400 2
Chromium 5x 10® 2,300 1
Cadmium 2x 10% 45 1 I
Total* {aggregate) 3x105to 1x 10% 2,400 to 1,600,000 2to g_O "
° Estimated MEI risk due to inhalation expﬁsure to HAPs for the “highest risk” oil-fired plant. Based on

an uncertainty analysis, these estimates are considered reasonable high-end estimates (roughly the

90th to 95th percentile) of the risks for the MEI due to inhalation exposure. See section ES.6.3 for

discussion.

These estimates are presented as a range because of the uncertainties associated with the nickel risk

assessment. |f the nickel mix is assumed to be 10% as carcinogenic as nickel subsulfide, then the

ME| risk for nickel is estimated to be 1 x 10, If the nickel mix is assumed to be 100% as

carcinogenic as nickel subsulfide, the estimated MEI risk for nickel is 9 x 10°®.

¢ Estimated risk due to inhalation of the aggregate of HAPs assuming additivity of risk for 14 individual
carcinogenic HAPs. The low end of the range is based on assumption that the mix of nickel
compounds is 10% as carcinogenic as nickel subsulfide. The high-end of the range is based on
assumption that the mix of nickel compounds is 100% as carcinogenic as nickel subsulfide.
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The cancer incidence in the U.S. due to inhalation exposure
to HAP emissions (including radionuclides) from all 137 oil-fired
utilities, based on the local analysis, is estimated to be
between 0.3 and 0.7 cancer cases/yr. The high end of this range
is based on the assumption that the nickel mix is as carcinogenic
as nickel subsulfide. The low end of the range assumes that the
mix of nickel is 10 percent as carcinogenic as nickel subsulfide.

ES.6.3 1Inhalation Cancer Risks Based on Long-Range Transport
Analysis

In addition to the above analyses, the EPA conducted long-
range transport analyses to assess emissions dispersion and
exposures on a national scale. The Regional Lagrangian Model of
Air Pollution (RELMAP) was used to estimate the dispersion of HAP
emissions from the facility stack out to the borders of the
continental U.S. This is in contrast to the HEM, which estimates
dispersion and air concentrations within 50 km of the source.

The RELMAP modeling was conducted for all coal- and oil-
fired utilities, but was limited to mercury and arsenic. Only
arsenic is discussed in this section; the modeling for mercury
is presented in section 7. The long-range transport modeling of
arsenic indicates that the local HEM analysis alone does not
account for a substantial percentage of the population exposures
due to utility emissions. A comparison of the HEM results to the
RELMAP results for arsenic indicates that a significant portion
of emissions disperse further than 50 km, apparently due to the
tall stack heights and other dispersion factors. Based on the
RELMAP analysis, the nationwide dispersion of arsenic emissions
leads to an estimate of population exposure and cancer incidence
that is approximately seven-fold greater than the population
exposures and cancer incidence predicted by the HEM when only
local dispersion is considered (see Table ES-5).

The RELMAP results for arsenic (which is emitted mainly as
PM) were used to estimate the potential long-range transport
inhalation exposures for cadmium, chromium, nickel, and
radionuclides since it is believed that these other HAPs are also
emitted as PM and exhibit proportional emission rates and
atmospheric dispersion behavior similar to that of arsenic.
Because the estimated population exposures resulting from the
long-range transport analysis for arsenic were about seven times
greater than the population exposures predicted by the local
analysis alone, it was also assumed that this ratio also could
hold true for nickel, chromium, cadmium, and radionuclides.
Using this methodology, the cancer incidence for coal-fired
utilities considering both local and long-range transport is
estimated to be roughly 1.4 cases/yr (i.e., 0.2 x 7 = 1.4). The
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Table ES-5. Summary of Inhalation Risk Estimates Due to Local and
Long-range Transport

" LOCAL IMPACTS (dispersion within 50 km of each utility plant)

. OIL-FIRED PLANTS

Annual increased Maximum exposed

cancer Incidence individual (MEI)
Radionuclides " 0.2
Nickel® 9 x 10°% 0.4 7 x 107 0.005 ﬂ
Chromium 5x 10° 0.02 2x10°® 0.02 u
Arsenic 1 x 108 0.04 3x 108 0.05 H
Cadmium 2x 10 0.005 2x107 0.0006 ﬂ
All Others® 8 x 107 0.005 8 x 107 0.004

LOCAL PLUS LONG-RANGE IMPACTS (dispersion from utility emission points to borders of continental U.S.)°

OIL-FIRED PLANTS COAL-FIRED PLANTS

Pollutant M'axifr\ym exposed { Annual _inc.reased M'axi'm.um exposed Annual _inc.reased
| individual (MEI) cancer incidence individual (MEl} cancer incidence
Radionuclides Not estimated 1.4 Not estimated 0.7
Nickel® 9x10°% 2.8 9x 107 0.035
Chromium 5x 10° 0.14 3Ix10° 0.14
Arsenic 1x 10°® 0.28 4 x 10 0.35
Cadmium 2x 10° 0.035 3x 107 0.04
All Others® 8 x 107 0.035 1x10°% 0.03

Total® 1x 10* 4.8 7 x 10 1.3 J

b

Assumes that the nickel mixture is as carcinogenic as nickel subsulfide.

Estimated risks due to exposure to all remaining HAPs analyzed (i.e., excluding nickel, arsenic,
chromium, cadmium, and radionuclides).

This is the aggregate risk (i.e., the risk due to inhalation exposure to all carcinogenic HAPs, assuming
additivity of risks).

There are uncertainties associated with these risk estimates. See sections 6.4 for discussion.

These risk estimates are based on an extrapolation of RELMAP modeling results for arsenic to other
HAPs. Therefore, there are considerable uncertainties associated with these results. See sections 6.3
and 6.4 for discussion.
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cancer incidence for oil-fired utilities (assuming the nickel mix
is 100 percent as carcinogenic as nickel subsulfide) is estimated
to be as high as 5 cases/yr (i.e., 0.7 x 7 = 4.9). These
estimates should be viewed as highly uncertain high~end estimates
(particularly the estimate of five cases/yr for oil-fired
utilities) because of modeling uncertainties and extrapolations
(e.g., using the modeling results for arsenic to predict
dispersion and exposure for the other HAPs) and because of the
assumption for nickel carcinogenicity.

For risks to the MEI, a comparison between the HEM local
dispersion results and the long-range transport modeling results
indicates that long-range transport is not as important for the
MEI risks as it is for cancer incidence. For example, the MEI
risk from the local analyses for coal-fired utilities (i.e.,
inhalation risk of 5 x 107%) is increased by approximately 40
percent to roughly 7 x 10°° when ambient concentrations are added
from long-range transport of arsenic from all other utilities in
the continental U.S. For oil-fired utilities, the long-range
transport of HAPs has no impact on the highest MEI inhalation
risks because of the remote location of the two highest risk oil-
fired plants. Table ES-5 presents a comparison of results from
the local versus long-range transport analyses.

ES.€.3 Uncertainties with the Inhalation Cancer Risk Assessment

There are several areas of uncertainty in the inhalation
risk assessment including: (1) the impacts of long-range
transport; (2) the emissions and health effects of different
forms of chromium and nickel; (3) the use of a linear non-
threshold high-to-low dose extrapolation model for estimating
cancer risks at low exposure concentrations; (4) the impacts of
episodic releases resulting from upsets or unusual operating
conditions; (5) how residence times and activity patterns impact
the exposures; (6) the impacts on sensitive subpopulations; (7)
the impacts of background exposures; and (8) the risk of complex
pollutant mixtures.

The quantitative uncertainty analysis indicates that the MEI
inhalation cancer risk estimates presented above from the local
analysis are reasonable high-end estimates of the risks due to
inhalation exposure within 50 km of each plant. That is, the
estimates are considered generally conservative (i.e., roughly
the 90th to 95th percentile). Conservative assumptions are
considered appropriate so that errors are on the side of public
health protection. The uncertainty analysis suggests that the
most likely estimated inhalation risks for MEIs (i.e., central
tendency MEI risk estimates) may be roughly 5 to 10 times lower
than the MEI estimates presented above.
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ES.6.4 Summary of the Inhalation Cancer Risks

For the majority of utility plants (approximately 662 of the
684 plants), the estimated inhalation cancer risks due to HAP
emissions are less than 1 x 10°°. However, several plants (2
coal-fired plants and between 2 and 22 oil-fired plants) are
estimated to pose inhalation cancer risks above 1 x 107%, and one
oil-fired plant is estimated to pose an MEI inhalation cancer
risk between 3 x 10° and 1 x 10™*. The cancer incidence in the
U.S. due to inhalation exposure to HAP emissions from all
utilities (coal-, oil- and gas-fired combined) is estimated to be
between 0.5 and 6 cases/yr. Further research and evaluation is
needed to more comprehensively assess the inhalation cancer
risks, especially the impacts of long-range transport of HAPs and
speciation of nickel.

ES.6.5 1Inhalation Noncancer Risks

The EPA also assessed noncancer risks (i.e., health effects
other than cancer) due to short- and long-term inhalation
exposure. Manganese, HCl, HF, and acrolein were found to be the
four HAPs of highest potential concern for noncancer effects.

Based on modeling HAPs for all 684 plants with the HEM, the
estimated long-term ambient HAP concentrations were generally 100
to 10,000 times below the RfC or similar benchmark. The highest
estimated long-term ambient HAP concentration was 10 times below
the RfC. The RfC is an estimate (with uncertainty spanning
perhaps an order of magnitude) of the daily inhalation exposure
of the human population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious effects
during a lifetime.

Using a short-term air dispersion model that considers all
reasonable meteorological conditions, the EPA modeled maximum
one-hour concentrations for three HAPs (HCl, HF, and acrolein).
The highest short-term exposure was 140 times below the acute
reference level.

ES.7 MULTIPATHWAY ASSESSMENT

The utility HAPs were prioritized for potential non-
inhalation exposures. The following characteristics were
considered: (1) persistence, (2) toxicity, and (3) potential to
biocaccumulate. Mercury, radionuclides, arsenic, dioxins,
cadmium, and lead were selected as priority for multipathway
assessment.
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ES.7.1 Mercury Modeling Assessment

To assess the transport and deposition of mercury emissions
from utilities and to estimate concentrations in environmental
media and biota, three modeling efforts were undertaken: (1)
long-range fate and transport modeling, (2) local scale
dispersion modeling, and (3) modeling of environmental
concentrations. The RELMAP was used to predict long-range
dispersion and deposition across the continental U.S. For the
local analysis, a model designed to predict deposition of HAPs
within 50 km was used. The Indirect Exposure Model (IEM) was
used to estimate environmental concentrations.

Three types of hypothetical locations were considered in the
modeling analyses: (1) agricultural, (2) lacustrine (near lakes),
and (3) urban. Using four model utility plants, and various
assumptions and scenarios, mercury concentrations in wvarious
environmental media were estimated.

There are significant uncertainties in the models, data
inputs, assumptions, and the quantitative results. However, the
analyses were useful for gaining a better understanding of the
fate and transport of mercury in the environment, and for
estimating plausible levels in environmental media.

The modeling also provided information on whether local
and/or long-range transport of mercury is important in a variety
of scenarios. The models indicate that most of the mercury from
utilities is transported further than 50 km from the source.

ES.7.1.1 General Findings for Mercury. Mercury emissions
disperse in the atmosphere and deposit to land and water bodies.
Deposition is of potential concern because mercury persists in
the environment, and bicaccumulates in the food web (especially
in the aquatic food web). The form of mercury found in fish
tissue is predominantly methylmercury. Of all the media and
biota studied, fish have the highest concentrations of mercury in
the environment.

ES.7.1.2 Summary of Mercury Assessment Results for
Utilities. For the year 1990, coal-fired utilities were
estimated to emit approximately 51 tons per year (tpy) of mercury
nationwide, which is approximately 21 percent of the 248 tpy of
anthropogenic emissions of mercury estimated to be emitted in the
U.S. for the years 1990 to 1992. The EPA also estimates that
utility mercury emissions will increase to 65 tpy by the year
2010. If one assumes that current anthropogenic activity
represents between 40 and 75 percent of the total emissions
(anthropogenic plus other emissions [e.g., natural emissions]),
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one can calculate that U.S. utilities emit roughly 8 to 15
percent of the total emissions of mercury in the U.S.

Recent estimates of global anthropogenic mercury emissions
are about 4,400 tpy. Point sources such as fuel combustion;
waste incineration; industrial processes (e.g., chlor-alkali
plants); and metal ore roasting, refining, and processing are the
largest point source categories on a world-wide basis. Given
this global estimate, U.S. anthropogenic mercury emissions could
account for about 6 percent of the global total, and U.S.
electric utilities would account for about 1 percent of global
anthropogenic emissions (using 1990 emission estimates).

Based on the RELMAP modeling analysis, approximately 30
percent (i.e., 15 tpy) of utility mercury emissions deposit in
the continental U.S. The estimated annual deposition rates
resulting from utility mercury emissions range from 0.5 to
greater than 10 micrograms per square meter. The highest
deposition appears to occur in the eastern half of the U.S.,
particularly areas such as southeastern Great Lakes and Ohio
River vValley, central and western Pennsylvania, large urban areas
in the eastern U.S. (e.g., Washington, D.C., New York City) and
various locations in the vicinity of large coal-fired utilities.
Based on the limited available data, the RELMAP model seems to
over- and underestimate mercury values within a factor of two and
appears to be relatively unbiased in its predictions.

Although the amount of mercury being emitted from any single
utility may seem relatively small, these emissions are of
potential concern for a number of reasons. First, mercury is
persistent. It is not degraded, but continually accumulates in
the environment. Consequently, over time there is potential for
concentrations in the environment to build up. Second, mercury
bicaccumulates in the food web. Third, current scientific
evidence indicates that most of the mercury emitted to the
atmosphere from sources such as utilities, which have tall
stacks, does not deposit near the source but is deposited farther
away. As a result, even though the ambient concentration of
mercury around a single source may not be elevated, there are
sufficient data from which to conclude that the cumulative impact
of many small sources may lead to the accumulation of mercury in
the soils and sediments, and bicaccumulation in freshwater fish.
Therefore, the incremental emissions of mercury from utilities,
added to the mercury emissions from all of the other sources,
contribute to overall environmental loadings, and thus, may
contribute, to some degree, to the mercury levels in freshwater
fish.
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The modeling assessment in conjunction with available
scientific knowledge, suggests that there is a plausible link
between emissions of mercury from utilities and the mercury found
in soil, water, air, and freshwater fish. As noted above, there
are many sources of mercury emissions worldwide, both natural and
anthropogenic. The fish methylmercury levels are probably due,
in part, to mercury emissions from all of these various sources
over time. The coal-fired utilities are one category of the
mercury sources. The EPA has not yet determined whether the
mercury emissions from utilities are a concern for public health.

The EPA recognizes that there are significant uncertainties
regarding the extent of the exposures and risks due to utility
mercury emissions, and that further research and evaluation is
needed to reduce uncertainties and to characterize the exposures
and risks. Areas of uncertainty include the following: (1) what
exposure levels are likely to result in adverse health effects;
(2) what percent of mercury emissions are elemental versus
divalent mercury; (3) how much mercury is emitted from natural
sources; (4) how much mercury is removed during coal cleaning;
and (5) what affects the biocaccumulation of methylmercury in
fish. The EPA plans to continue evaluating the exposures and
public health impacts due to mercury emissions. In addition, the
EPA plans to review new data (e.g., health and exposure data) as
they become available and will consider the new data, as
appropriate, in future assessments.

Regarding potential methods for reducing mercury emissions,
the EPA has not identified any demonstrated add-on control
technologies currently in use in the U.S. that effectively remove

mercury from utility emissions. (However, there may be add-on
control technologies used in other source categories that
effectively reduce mercury emissions.) Based on available data,

mercury removal by existing PM control devices on utilities
varies considerably, ranging from 0 to 82 percent removal, with a
median efficiency of 16 percent removal. Existing flue gas
desulfurization (FGD) units exhibit poor mercury control, ranging
from 0 to 59 percent removal, with a median removal of 17
percent. Pilot-scale studies have shown that mercury removal can
be enhanced through the use of activated carbon injection.
However, the limited results to date utilizing carbon injection
are inconsistent and more data and research are needed. Other
various pollution prevention strategies, such as coal cleaning,
have shown some effectiveness in reducing utility emissions of
mercury. Conventional coal cleaning removes, on average,
approximately 21 percent of the mercury contained in the coal.
Also, fuel switching, such as switching from coal to natural gas,
would result in decreased emissions of mercury.
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ES.7.2 Multipathway Assessment for Radionuclides

Radionuclide emissions from utilities may result in human
exposure from multiple pathways including: (1) external
radiation exposure from radionuclides suspended in air or
deposited on the ground, and (2) internal exposure from the
inhalation of airborne contaminants or ingestion of contaminated
food. The CAP-93 model was used to estimate multipathway
exposures and risks due to radionuclide emissions to humans
within 50 km of all 684 utilities. However, this assessment did
not use site-specific data for the non-inhalation exposure
analysis, but rather relied on various generic assumptions and
general input data.

Based on the CAP-93 modeling, 667 of the 684 plants are
estimated to pose multipathway risks less than 1 x 10°. The
highest estimated MEI cancer risk due to multipathway exposure to
radionuclide emissions from utilities is 3 x 10°. Seventeen
plants (13 coal- and 4 oil-fired plants) were estimated to pose
multipathway risks between 1 x 10° and 3 x 10°5. The estimated
cancer incidence in the U.S., due to emissions and dispersion of
radionuclides within 50 km of each utility, is estimated to be
0.3 cancer deaths/yr. Including consideration of long-range
transport (based on extrapolation from the arsenic RELMAP
results), the cancer incidence is estimated to be roughly as high
as 2 cancer deaths/yr. The cancer incidence appears to be mostly
due to inhalation exposure. The non-inhalation exposures
contribute only slightly to the incidence. The non-inhalation
exposure pathways have a greater impact on the MEIs, especially
for coal-fired plants.

ES.7.3 Qualitative Multipathway Exposure Assessment

Other than radionuclides, the EPA has not assessed the non-
inhalation exposures of HAPs emitted from utilities. The EPA
recognizes that non-inhalation exposure pathways could be
important for other HAPs (e.g., mercury, arsenic, dioxins,
cadmium, lead) that are persistent and tend to biocaccumulate. As
indicated above, further evaluation of mercury is planned. The
other four HAPs are discussed below.

ES.7.3.1 Arsenic. Multipathway exposures potentially could
increase the total arsenic risks. Inhalation cancer risks are
estimated to be above 1 x 10°°® for arsenic for 4 plants (2 coal
and 2 oil). Arsenic is persistent and has a tendency to
biocaccumulate. Ingestion of arsenic can pose a cancer risk, and
utilities emit approximately 59 tpy of arsenic nationwide. For
these reasons, the EPA has initiated a multipathway assessment
for arsenic.
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ES.7.3.2 Dioxins. The EPA estimates that coal-fired
utilities emit 0.4 pounds per year (lb/yr) of dioxin (toxic
equivalents, TEQ) and that oil-fired utilities emit 0.02 1lb/yr.
These estimates combined are roughly 1 to 2 percent of the
nationwide anthropogenic dioxin emissions. However, dioxin
emissions data were only available for eight test utility plants;
therefore, the emissions data for dioxins from utilities are
considered more uncertain than the emissions data for many of the
other HAPs.

The highest MEI inhalation cancer risk due to dioxin
emissions from any utility was estimated to be 1 x 107. The
gualitative multipathway exposure assessment indicates that
dioxins are highly persistent, tend to biocaccumulate in the food
chain, are highly toxic by low-dose ingestion exposure, and
present the greatest exposure through ingestion of contaminated
foods. Thus, although the inhalation risks are low, the EPA
believes that further evaluation of multipathway exposure for
dioxins may be needed to more comprehensively evaluate the risks.

ES.7.3.3 Cadmium and Lead. Cadmium emissions from the vast
majority of plants (i.e., 683 of the 684 plants) are estimated to
pose inhalation risks less than 1 x 10°%, and the highest modeled
air concentration of lead was 200 times below the national
ambient air quality standard (NAAQS) for lead. Yet, cadmium and
lead are persistent, may bicaccumulate, and are toxic by
ingestion. Therefore, the EPA may consider conducting further
evaluations of multipathway exposures of cadmium and lead
emissions from utilities in future analyses.

ES.7.3.4 Nickel and Chromium. Nickel and chromium were not
considered to be priority for non-inhalation exposures. At
relatively high oral doses, nickel and chromium do cause
noncancer toxicity. However, at relatively low ingestion doses
(below the toxic threshold), nickel and chromium are considered
to be relatively nontoxic. Also, it is highly uncertain whether
they pose a carcinogenic risk by ingestion. Therefore, these
metals appear to be mainly a concern from inhalation exposure.
Hence, the EPA does not plan to assess multipathway exposures for
nickel and chromium for utilities.

ES.8 ALTERNATIVE CONTROL STRATEGIES

There are numerous potential alternative control
technologies and strategies for HAPs. These include
precombustion controls (e.g., fuel switching, coal switching,
coal cleaning, coal gasification), combustion controls, post
combustion controls (e.g., PM controls, SO, controls), and
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nontraditional controls (e.g., demand side management [DSM],
pollution prevention, energy conservation). The degree of
feasibility, costs, and effectiveness of each of these potential
control technologies varies. For example, coal cleaning tends to
remove at least some of all the trace metals, with lead
concentrations being removed to the greatest extent (averaging
approximately 55 percent removal) and mercury being removed the
least (averaging approximately 21 percent). Existing PM controls
tend to effectively remove the trace metals (with the exception
of mercury) while FGD units remove trace metals less effectively
and exhibit more variability. Fuel switching (e.g., switching
from coal to natural gas) could result in substantial reductions
in HAP emissions. There are few existing data that show the HAP
reduction effectiveness of DSM, pollution prevention, and energy
conservation. These control strategies need to be examined
further for technical and economic considerations.

ES.9 OTHER ISSUES AND FINDINGS

ES.9.1 Emissions and Risks for the Year 2010

In addition to the 1990 analysis, the EPA also estimated
emissions and inhalation risks for the year 2010. There are
substantial data gaps and uncertainties in the projections to the
year 2010. However, the approach utilized is reasonable given
the limitations of data to complete such projections.

Based on EPA's assessment for this interim report, HAP
emissions from coal-fired utilities are predicted to increase by
10 to 30 percent by the year 2010. However, based on EPA's
analysis, the inhalation risks in 2010 for coal-fired utilities
are estimated to be roughly equivalent to the 1990 inhalation
risks. For oil-fired plants, emissions and inhalation risks are
estimated to decrease by 30 to 50 percent by the year 2010.
Multipathway risks for 2010 were not assessed. Utilization of
add-on controls to comply with other provisions of the Act are
not expected to significantly impact on HAP emissions due to
their limited numbers and limited HAP control efficiency
improvement. However, if additional actions are taken to reduce
emissions of criteria pollutants and acid rain precursors (e.g.,
add-on controls to reduce SO, and NO, emissions), these actions
could result in reductions in HAP emissions. Other potential
(but unknown) actions (e.g., fuel switching, repowering) may have
a significant impact on HAP emissions; however, these unknowns
were not included in the 2010 projection.

The approach EPA utilized to estimate emissions for the year

2010 is one of several possible approaches for making such
projections. Other organizations have made projections that
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differ from EPA's. For this interim report, the EPA did not
conduct alternative approaches and did not compare its results
with projections made by other organizations. However, if
feasible, the EPA will consider evaluating alternative approaches
and comparing the EPA's results with those from other
organizations in future analyses.

ES.9.2 Peer Review

Draft versions of Chapters 1 through 10 of this report (not
including the Executive Summary) and draft technical support
documents were reviewed by numerous non-EPA scientists
representing industry, environmental groups, academia, and other
parties. The EPA held a scientific peer review meeting and also
a public meeting in July 1995 to obtain comments from reviewers.
In February, April, and September 1996, all sections of the draft
report underwent additional review by EPA, State and local
Agencies, and other Federal Agencies. The EPA has revised the
report, as appropriate, based on the reviewers' comments.
However, there were several comments that could not be fully
addressed because of limitations in data, methods, and resources.
Comments received by other Federal agencies that could not be
substantially addressed are presented at the end of each Chapter.
Draft versions of this report, along with all the comments
received, have been submitted to the public docket (A-92-55) at
the following address: U.S. EPA, Air and Radiation Docket and
Information Center, mail code 6102, 401 M Street, S.W.,
Washington, D.C. 20460; telephone number (202) 260-7548.
Materials are available for public review at the docket center or
copies may be mailed (for a reasonable fee) on request by calling
the above number.

ES.9.3 Industry Report

If alternative methods and assumptions were used to study
the HAP emissions from utilities, the results would likely be
somewhat different. To assess the impact of using alternative
assumptions and methods, it is useful to compare the EPA study
with a similar study completed by the EPRI.

The EPRI prepared a report, entitled “Electric Utility Trace
Substances Synthesis Report,” (November 1994) that paralleled the
EPA's study. Many of the same emissions data were used and
similar risk assessment methods were utilized. The EPRI study
concluded that cancer inhalation risks are below 1 x 107® for all
utilities, and noncancer inhalation risks are well below Federal
threshold levels for all utilities. Population inhalation risks
were determined by the EPRI to be insignificant (less than 0.1
cancer case/year). Case studies at four plants found that
multimedia risks, including mercury, are below levels of concern.
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However, it should be noted that in the EPRI analysis, exposures
to mercury through fish consumption were only considered for two
of the four plants studied. :

The EPRI risk estimates are generally similar to, but in
several cases lower than, those of EPA. Differences between the

two studies include: (1) EPA’'s use of a higher unit risk factor
for arsenic; (2) EPA’'s assumption that nickel emissions were
carcinogenic (EPRI assumed nickel was not carcinogenic); (3)

EPA’'s evaluation of exposure beyond 50 km to all locations in the
U.S. (EPRI did not attempt this analysis); (4) the EPRI
radionuclide analysis was based on several model plants, while
the EPA evaluated every plant in the U.S.; and (5) the EPRI
assumed that chromium emissions were five percent chromium VI,
while EPA assumed that 11 percent (for coal-fired plants) and 18
percent (for oil-fired plants) were chromium VI. In addition,
the EPRI mercury multimedia study considered only the local
impact from four plants (not worst-case) and did not include
potential impacts of total nationwide utility mercury emissions
and contributions to total environmental loadings.

ES.9.4 Potential Environmental Impacts Not Included in Study

There are other potential environmental issues associated
with utilities not assessed in this report. First, this study
did not assess the impacts of criteria pollutants (S0O,, NO,, PM,
carbon monoxide, and ozone) or acid rain precursors (SO, and
NO,), which are studied and regulated under other sections of the
Act. Second, this study did not include an assessment of
ecological impacts. Third, this study did not assess the impacts
of carbon dioxide emissions. Fourth, this study did not assess
the impacts resulting from mining, drilling, solid waste
disposal, transmission, transportation, or other activities
associated with electric power generation. These issues and
potential impacts were not assessed because they were considered
beyond the scope of this study as mandated by the Act.

ES.9.5 Link to Particulate Matter (PM)

Arsenic, cadmium, chromium, lead, nickel, and radionuclides
are emitted primarily as PM. Consequently, these HAPs may
contribute to PM emissions and PM health concerns, especially
from poorly controlled coal-fired units and uncontrolled oil-
fired units (roughly two-thirds of oil-fired units are
uncontrolled for PM). The impacts for PM were not addressed in
this study, but are being studied under Title I of the Act.
However, 1f additional controls of PM emissions are utilized,
this could result in reductions in HAP emissions.
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ES.10 OVERALL SUMMARY

Based on this study, cancer risks due to inhalation exposure
to HAP emissions from the large majority of utility plants are
less than 1 x 10°. However, 2 coal-fired plants and up to 22
oil-fired plants are estimated to present inhalation cancer risks
above 1 x 10°® (primarily due to nickel, arsenic, radionuclides,
chromium, and cadmium). The inhalation cancer risks due to
exposure to the remaining HAPs emitted from utilities are
estimated to be less than 1 x 10°®. The EPA estimates that
between 0.5 and 6 cancer cases/yr occur in the U.S. each yvear due
to inhalation exposure to HAP emissions from utilities.

With regards to noncancer effects from inhalation exposure,
the modeling assessment indicates that HAP emissions from
utilities are not expected to result in any exceedances of the
RfCs or similar inhalation benchmarks.

Further evaluation of the impacts of the long-range
transport of HAPs and the speciation of nickel, and also the
potential impacts of short-term peak emissions of certain HAPs
(e.g., HCl, HF), may be needed to more comprehensively evaluate
the inhalation exposures and risks.

Available information indicates that mercury emissions from
utilities may contribute to the mercury levels in the
environment, including the levels in freshwater fish. However,
at this time, the EPA has not yet determined whether the mercury
emissions from utilities are a concern for public health. The
EPA plans to continue evaluating the potential exposures and
potential public health concerns due to mercury emissions from
utilities. 1In addition, the EPA plans to evaluate information on
the various potential control technologies for mercury, including
pollution prevention options, and the costs, technical
feasibility of such measures, and resulting economic impacts.

The EPA plans to issue a final Report to Congress at a later date
which will include a more complete assessment of the exposures,
hazards, and risks due to utility HAP emissions, and will include
conclusions, as appropriate, regarding the significance of the
risks and impacts to public health. 1In addition, the EPA plans
to include in the final report a determination as to whether
regulation of HAPs from utilities under section 112 is
appropriate and necessary.
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1.0 INTRODUCTION

This chapter presents an introduction to the study of
hazardous air pollutant (HAP) emissions from electric utility
steam-generating units (utilities). The chapter is divided into
three main sections: the legislative mandate that requires this
report, the provisions of the 1990 amendments to the Clean Air
Act (the Act) related to this study, and an overview of the
utility study and its approach to meeting the provisions of the
Act.

1.1 LEGISLATIVE MANDATE

In section 112(n) (1) (A) of the Act, Congress mandated that
the Environmental Protection Agency (EPA) "... perform a study of
the hazards to public health reasonably anticipated to occur as a
result of emissions by electric utility steam generating units of
... [HAPs] ... after imposition of the requirements of this aAct."
The list of HAPs is presented in section 112(b) of the Act.
Section 112(n) (1) (A) also requires that:

. Results of this study be presented in a report to
Congress by November 1983

. The EPA develop and describe alternative control
strategies for HAPs that may warrant regulation under
section 112

. The EPA is to proceed with rule-making activities under
section 112 to control HAP emissions from utilities if
it determines from the study that such regulation is
appropriate and necessary.

The Act, in section 112 (a) (8), defines an electric utility
steam-generating unit as any fossil-fuel-fired combustion unit of
more than 25 megawatts electric (MWe) that serves a generator
that produces electricity for sale. A unit that cogenerates
steam and electricity and supplies more than one-third of its
potential electric output capacity and more than 25 MW output to
any utility power distribution system for sale is also considered
an electric utility steam-generating unit under section
112 (a) (8).

The Code of Federal Regulations (CFR), chapter 40, part
60.41a, defines fossil fuels as natural gas, petroleum, coal, and
any form of solid, liquid, or gaseous fuel derived from such
material for the purpose of creating useful heat. Fossil fuels
include coal (bituminous, subbituminous, anthracite, lignite),
0il (Nos. 2, 4, and 6), and natural gas.



.The wording of section 112(n) (1) (A) did not include a
mandate to include an analysis of the cost(s) of alternative
controls in the study. Therefore, no cost analyses (e.g.,
control costs, economic, cost-benefit) were performed as a part
of this interim study. These analyses would be conducted during
any regulatory effort should regulation be determined to be
appropriate and necessary in determining the level of any
standard(s) .

When this study began, only a small amount of reliable data
on HAP emissions from utilities were available; most of the new
data did not become available until the beginning of 1994.
Because of the lack of data, the submission of this interim final
report for this study was delayed until October 1996. The EPA
plans to issue a final report at a later date.

This study addresses the impact of pollution controls
mandated by other sections of the Act, determines which HAPs are
present in utility unit emissions, and partially estimates
exposures and risk to humans from the emission of these HAPs.

1.2 ACT PROVISIONS AND STUDIES RELATED TO THIS STUDY

There are several other provisions in the Act that relate to
the utility industry and may have impact in the future. This
section describes these provisions and their relevance to the
study.

1.2.1 Section 112 of the Act - Hazardous Air Pollutants

The 1990 amendments to the Act also mandated five other
related studies: (1) the mercury study, (2) the National
Institute of Environmental Health Sciences (NIEHS) health effects
of mercury study, (3) the National Academy of Sciences (NAS) risk
assessment methodologies study, (4) Great Waters study, and
(5) the Presidential Risk Commission.

1.2.1.1 Mercury Study. Section 112(n) (1) (B) required that
the EPA complete a study of mercury emissions from utilities,
municipal waste combustion units, and other sources, including
area sources. The study was to consider the rate and mass of
mercury emissions, the health and environmental effects of such
emissions, technologies that are available to control such
emissions, and the costs of such technologies. Section
112 (n) (1) (B) mandated that the EPA submit a report to Congress by
November 15, 1994, reporting the results of the study. However,
the EPA has decided to delay significantly the release of the
mercury study report to allow time to incorporate the results of
two major studies on the impact of methylmercury on children in
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fish-eating populations in the Faroe Islands and Seychelles
Islands. The delay is necessary so that the EPA can completely
fulfill the mandate to evaluate the health effects of mercury.

1.2.1.2 NIEHS Health Effects of Mercury Study. In section
112 (n) (1) (c), Congress gave the NIEHS the task of identifying the
threshold level of mercury exposure that would not adversely
affect human health. A report on the NIEHS study was published
in 1993.%

1.2.1.3 NAS Risk Assessment Methodologies Study. In
January 1995, the National Academy of Sciences finalized a
report? on the risk assessment methodologies used by the EPA.
The results of the NAS study were used to help develop the
methodologies for the risk assessment portions of this study.

1.2.1.4 The Great Waters Study. In response to section
112{(m), the EPA finalized a report in May 1994 on the atmospheric
deposition of pollutants to the “Great Waters,” namely, the Great
Lakes, Chesapeake Bay, Lake Champlain, and coastal waters.’ The
pollutants of concern to the Great Waters study that are emitted
from utilities include lead, cadmium, dioxins, and, in
particular, mercury. The report discussed the following:

. The contribution of atmospheric deposition to pollutant
loadings in these waters

. Environmental and public health effects of atmospheric
pollution that is deposited to these waters

. Sources of pollutants deposited to these waters.

The May 1994 report noted that the Great Waters are polluted
by HAPs that originate from local and distant sources; however,
more data are needed to identify sources of the pollutants. The
recommendations of the May 1994 Great Waters report were:

(1) the EPA should strive to reduce emissions of the pollutants
of concern through implementation of the Act; (2) a comprehensive
approach should be taken, both within the EPA and with other
agencies, to reduce and preferably prevent pollution in air,
water, and soil; and (3) the EPA should continue to support
research for emissions inventories, risk assessment, and
regulatory benefits assessment. The May 1994 report was based on
a limited amount of existing data and will be updated in the
future.

1.2.1.5 Presidential Risk Commission. In section 303 of
Title III of the 1990 amendments to the Act, Congress directed

!
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that the President form a Commission whose mandate would be to

..make a full investigation of the policy implications and
appropriate uses of risk assessment and risk management in
regulatory programs under various Federal laws to prevent cancer
and other chronic human health effects which may result from
exposure to hazardous substances.” This Commission meets monthly
and is currently working on the draft of its report. Because the
report is not due until November 1996, the results were not
available for this report. However, the results may be
considered in the final utility report to be published at a later
date.

1.2.2 Title I - Nonattainment Provisions

Title I includes requirements for attaining and maintaining
the national ambient air quality standards (NAAQS). The NAAQS
are designed to protect public health and welfare and have been
established for six criteria pollutants (ozone, carbon monoxide
[CO], particulate matter [PM], lead, sulfur dioxide [SO,], and
nitrogen oxides [NO,]). Sources in ozone nonattainment areas,
including utilities, may need to install NO, controls to reduce
NO, emissions. These new NO, controls may affect HAP emissions.
Future ozone NAAQS may set even lower ozone concentration limits,
and the lower limits could result in the need for additional
utility NO, reductions. Changes in the ambient PM standard
(e.g., from PM;, to PM, . or PM;) may also affect HAP emissions.

1.2.3 Title IV - Acid Deposition Control

Title IV of the Act addresses control of the pollutants
associated with acid rain in two phases. The pollutants covered
by Title IV are SO, and NO,.

Phase I and Phase II requirements of Title IV grant utility
units “allowances” to emit SO,. Emission allowances are
allocated to existing utility units based upon historical
operating conditions. One allowance equals the right to emit
1 ton of SO,. Affected units are required to turn in to the EPA
one allowance for each ton SO, emitted in a calendar year.
Unused or ‘“excess” allowances may be sold on the open market. To
comply with the requirements, utilities may do many things, such
as: (1) install flue gas scrubbers, (2) switch to a fuel that
contains less sulfur ash, or (3) purchase emission allowances.
The control option a utility selects to comply with the SO,
reduction requirements may also have an effect on HAP emissions.

The Phase I requirements affect 202 boiler units at
110 utility plants. These high-SO,-emitting, coal-fired utility
units must comply with the Phase I requirements by January 1995.
Under Phase II, all utility units will be covered by 2000. Both
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Phase I and Phase II require facilities to install continuous
emission monitoring systems for SO,, NO,, and volumetric flow to
ensure compliance and provide an accurate basis for allowance
trading.

Under Phase I, the EPA required that tangential-fired and
dry-bottom wall-fired boilers meet annual average NO, emission
limits of 0.45 pound per million British thermal units (lb/MMBtu)
and 0.50 1b/MMBtu, respectively, by January 1, 1996. Utilicies
could meet the limits by installing low-NO, burner technology or
other combustion control technology or by averaging emissions
among several units. This rule was issued as a direct final rule
on April 13, 1995 (60 FR 18751).

Under Phase II, the EPA will establish NO, emission limits
for all other boilers, including wet-bottom wall-fired boilers
and cyclones, by January 1, 1997, and the affected units must be
in compliance by 2000. The EPA will also reevaluate and revise,
if necessary, the standards established under Phase I to
implement any new technologies that could meet more stringent NO,
emissions limits (57 FR 55633). Units that do not meet the NO,
emission limits may install controls or average emissions among
several units. The effects of Title IV on utility HAP emissions
were estimated in this study.

1.2.4 New Source Performance Standards (NSPS)

Emissions of SO,, NO,, and PM from utilities are subject to
NSPS for new or modified sources, pursuant to section 111 of the
Act. Units greater than 73 MW heat input that commenced
construction or modification after August 17, 1971, are subject
to requirements of the NSPS (40 CFR part 60, subparts D or Da).

Under section 407 of the Act, the EPA must revise the NSPS
requirements for NO, emissions from utility and nonutility units
to reflect improvements in emission reduction methods.
Furthermore, future NO, emission limits could be set to minimize
the multiple environmental effects of NO, on ground-level ozone
formation, ozone and nitrous oxide formation in the atmosphere,
nitrogen enrichment in water, and acid rain.

The NSPS are technology-based standards and are designed to
reflect the degree of emission limitation achievable through
application of the best demonstrated technology that is also
cost-effective. The NSPS program also results indirectly in the
control of some HAPs. For example, NSPS that limit emissions of
PM will also control HAPs that are PM or that condense onto the
PM in the affected gas streams. Furthermore, installation of



SO, scrubbers will also control some vapor-phase HAPs such as
hydrogen chloride (HCl) and hydrogen fluoride (HF).

1.3 OVERVIEW AND APPROACH OF ELECTRIC UTILITY HAP STUDY

This report is the result of the work of government and
nongovernment personnel. Emissions testing and emission
estimation issues were discussed among numerous branches within
the EPA and among representatives of industry, the Electric Power
Research Institute (EPRI), and the Department of Energy (DOE).

In particular, EPRI, DOE, and the EPA coordinated their utility
emissions testing to cover more plant configurations and obtain
as much information as possible for the assessment. This report,
and the data and methodologies utilized, was reviewed by numerous
scientific experts within and outside the Agency. Outside
reviewers included representatives from industry, other Federal
Agencies, State and local agencies, academia, and environmental
organizations.?

The report is organized as follows. The electric utility
industry is described in Chapter 2, including the types of fossil
fuels, boilers, and air pollution control devices in use in the
year 1990, as well as changes in control devices and fuel usage
expected for the year 2010. Chapter 3 describes emissions
testing conducted since 1990, the determination of emission
modification factors (EMFs) from test reports, and the estimation
of emissions for several characteristic units using a computer
emission factor program. Chapter 4 introduces the health hazard
assessment. The screening risk assessment used to determine the
priority HAPs is described in Chapter 5. Chapter 6 discusses the
inhalation route for HAP exposure, while Chapters 7, 8, and 9
address mercury, arsenic, dioxins, lead, cadmium, and
radionuclides noninhalation exposure. Alternative control
strategies for HAP emissions reductions are given in Chapter 10.
Chapter 11 presents the conclusions of the study. Additional
supporting material is provided in the appendices.

Reviewers provided comment through a variety of venues (e.g., EPA Work
Group, scientific peer review, Federal interagency review, public
comment period). However, participation by a reviewer did not imply
agreement with the methodology or conclusions presented by the EPA. 2ll
comments were considered during revision of the document and will

continue to be considered during preparation of the final report.

!
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2.0 CHARACTERIZATION OF THE INDUSTRY

This chapter presents a characterization of the utility
industry. This is provided as a brief background for those who
may not be familiar with the industry. In addition, some
components of the process itself (e.g., type of boiler, method of
firing, type of emission control) may impact on the generation or
emissions of HAPs. These process components are introduced in
this chapter and their impact on HAPs is discussed in chapter 10.
The chapter is divided into seven main sections: background of
the industry, types and ownership of utilities, utility furnace
design, PM control, S0, control, NO, control, and a projected
characterization of the utility industry after implementation of
the 1990 amendments to the Act. All of the sections except the
last describe the utility industry as it existed in 1990. The
last section projects conditions that are expected to exist in
2010, after the amendments are fully implemented.

2.1 INDUSTRY BACKGROUND

An electric utility steam-generating unit (i.e., utility) is
defined (section 112(a) (8) of the Act) as any fossil-fuel-fired
combustion unit of more than 25 MW that serves a generator
producing electricity for sale. It can also be defined as a unit
that cogenerates steam and electricity and supplies more than
one-third of its potential electric output capacity and more than
25 MW electrical (MWe) output to any utility power distribution
system for sale.

Utilities are fueled primarily by coal, oil, or natural gas.
Figure 2-1 shows the 1990 distribution of fossil fuels burned by
the electric utility industry by unit (boiler) and by total
megawatts.! Coal-fired boilers account for the largest portion
of the industry by number of units (1,097 units, 56 percent),
representing 66 percent of the industry's total megawatts.
Gas-fired boilers make up 33 percent of the industry's units
(663 units) and account for 24 percent of the total megawatts.
Oil-fired boilers account for 11 percent of the units (227 units)
and represent 10 percent of the megawatts. This characterization
excludes 151 units that are effectively shut down but that still
retain operating permits.

2.2 FOSSIL-FUEL-FIRED ELECTRIC UTILITY STEAM-GENERATING UNITS

This section describes the two basic types of utility
facilities and the types of ownership in the industry.
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2.2.1 Types of Electric Utility Facilities

There are two basic types of facilities in the utility
industry: conventional utility power facilities and cogeneration
facilities. Although both types of facilities share similar
designs, their major difference is that conventional utility
power facilities produce their power solely for commercial power
production while cogeneration facilities produce their power
primarily for an industrial purpose and sell excess steam or
electricity equal to more than one-third of their potential
electric output capacity and more than 25 MWe output to any
utility power distribution system.

Conventional facilities consist of units that produce heat
in a boiler to make high-pressure steam, which in turn powers
units that produce electricity through a combined cycle turbine
system or a steam turbine (see section 2.3.4). In both systems,
the steam is recycled without being used for any other purpose.
Conventional facilities account for most of the utility
steam-generating units in the United States (U.S.). 1In 1990,
there were 1,893 conventional utility steam-generating units in
the U.S., with 1,043 burning coal of some type. The total output
was 493.1 gigawatts (GW) electrical.

Cogeneration is defined as the simultaneous production of
power (usually electricity) and another form of useful thermal
energy (usually steam or hot water) from a single fuel-consuming
process.? Cogeneration facilities can also consist of units that
produce heat in a boiler to make high-pressure steam that powers
a steam turbine to produce electricity or units that produce
electricity through a combined-cycle turbine system. Because of
their primary uses as industrial power and steam sources,
however, they normally are too small to fit the regulatory
definition of a utility boiler. There were 218 fossil-fuel-fired
cogeneration facilities rated at 25 MWe or greater that provided
at least one-third of their excess power to a grid operating in
the U.S. as of 1990. These cogeneration facilities consist of
coal-, oil-, and gas-fired steam turbines and combined-cycle
turbines that provide 21,053 MWe of capacity. This megawatt
capacity was less than 5 percent of the total conventional
utility capacity in 1990 and was made up of only 54 coal-fired
plants (providing 5,098 MWe of capacity) and 12 oil-fired plants
(providing 756 MWe of capacity). Thus, the electrical capacity
of the coal- and oil-fired cogeneration facilities represented
less than 1.2 percent of total utility capacity in 1990.3

2.2.2 Types of Ownership
There are four basic types of electric power ownership in
the utility industry: publicly owned utility companies, Federal
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power agencies, rural electric cooperatives, and investor-owned
utility generating companies. Publicly owned utilities are
not-for-profit and are operated by municipalities, counties,
States, or other bodies such as public utility districts.
Federal power agencies are Federal government agencies that
provide electric power, usually to rural or remote areas. Rural
electric cooperatives are private, not-for-profit corporations
owned by their members who are also the customers they serve; the
cooperatives are not a part of the municipal government.
Investor-owned utility generating companies are owned by their
investors and sell electricity to make a profit.*

The oldest and largest companies (based on total megawatts
electric capacity) are the investor-owned utilities. Although
numbering only approximately 260 separate companies, investor-
owned utilities provide 75.4 percent of kilowatt hour (kWh)
generation of electric power to the Nation. Publicly owned
utility companies, which consist of approximately 2,017 separate
companies, represent 10.6 percent of the Nation’s electric power
supply. The 10 Federal power agencies generate 8.6 percent of
the Nation’s electric power supply. Rural electric cooperatives,
numbering approximately 939 separate companies, serve 5.4 percent
of the Nation’s electric power supply. These utilities maintain
jointly owned electric power grids to which electric power is
supplied and then sold to other utilities, industries, and
individual customers.?®

The fastest growth in the production of electricity (by
unit) for the 1990s has been projected for nonutility
generators.® Ownership of nonutility generators can be further
divided into ownership by:

. Units that cogenerate steam and electricity (qualifying
facilities’)®

. Small power producers (<80 MWe) that generate
electricity primarily from a renewable source

. Other nonutility generators (e.g., independent power
producers [IPPs]), units that cogenerate steam and

A qualifying facility, under the Public Utility Regulatory Policies Act
{PURPA), Sections 292.303 and 292.305, may buy or sell energy to the
local utility or indirectly to other utilities. The local utility is
obligated to purchase or sell the energy at a price that is “just,
reasonable, and in the public interest” and does not “discriminate
against any qualifying facility in comparison to rates for sales to
other customers served by the electric utility.”
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electricity [nonqualifying facilities], and other
commercial and industrial units).

Nonutility generating units are generally smaller than other
utility units, of newer design technology, and built to £fill a
specific need for power in their geographic area(s). Nonutility
generating units are usually privately owned (although some are
sponsored by larger publicly or investor-owned utilities) and
sell their power to private customers and the jointly owned
electric power grids.

2.3 DESIGN OF ELECTRIC UTILITY UNITS

This section contains a summary of unit designs used in the
utility industry. Hazardous air pollutants are either formed
during combustion or introduced into the combustion unit (e.g.,
trace constituents in the fuel). Thus, the design and operation
of a unit may impact on the generation and emission of HAPs.

2.3.1 Furnace Types

Utility furnace-fired boilers can be divided into five basic
firing types: stoker-, cyclone-, tangential-, and wall-fired
boilers and fluidized-bed combustors (FBC).

2.3.1.1 Stoker-fired. Stoker firing is one of the oldest
furnace firing methods still in use. In this process, fuel is
deposited on a moving or stationary grate or spread mechanically
or pneumatically from points usually 10 to 20 feet above the
grate.® The process utilizes both the combustion of fine coal
powder in air and the combustion of larger particles that fall
and burn in the fuel bed on the grate.® Because of their design,
stokers are used only for smaller furnaces firing coal.

2.3.1.2 Cyclone-fired. Cyclone firing uses several
water-cooled horizontal burners that produce high-temperature
flames that circulate in a cyclonic pattern. The burner design
and placement cause the ash to become a molten slag that is
collected below the furnace. Because of this slagging system,
cyclone-firing furnaces are almost exclusively coal-fired;
however, some units can fire o0il.?®

2.3.1.3 Tangential-fired. Tangential-fired boilers are
based on the concept of a single flame envelope and project both
fuel and combustion air from the corners of the furnace. The
flames are directed on a line tangent to a small circle lying in
a horizontal plane at the center of the furnace. This action
produces a fireball that moves in a cyclonic motion and expands




to £fill the furnace.!* Tangential-fired boilers can fire coal,
gas, or oil.

2.3.1.4 Wall-fired. Wall-fired boilers are characterized
by rows of burners on the wall(s) of the furnace. The two basic
forms of wall-fired furnaces are single wall (having burners on
one wall) or opposed (having burners on more than one wall that
face each other). Circular register burners and cell burners are
types of burner configurations found in single-wall or
opposed-fired units. A circular register burner is a single
burner mounted in the furnace wall, separated from other burners
so that it has a separate, distinct flame zone. Cell burners are
several circular register burners grouped closely together to
concentrate their distinct flame zones. This use of a distinct
flame zone is in contrast to the fireball effect created by the
tangentially fired furnace.?® Wall-fired boilers can fire coal,
gas, or oil.

2.3.1.5 Fluidized-bed Combustors. In a typical FBC,
combustion occurs when coal, together with inert material (e.g.,
sand, silica, alumina, or ash) and/or a sorbent such as
limestone, are suspended through the action of primary combustion
air distributed below the combustor floor.'?® "Fluidized" refers
to the state of the bed of material (fuel or fuel and inert
material [or sorbent]) as gas passes through the bed. As the gas
flow rate is increased, the forces on the particles become just
sufficient to cause buoyancy. The gas cushion between the solids
allows the particles to move freely, giving the bed a liquid-like
characteristic.*

Fluidized bed combustors can be further divided into
circulating fluidized-bed (CFB) and bubbling fluidized-bed (BFB)
steam generators. The main difference between these two types is
the state of fluidization, which in turn depends mainly on the
bed particle diameter and fluidizing velocity. The CFB
combustors have relatively high velocities and fine bed particle
size, while the BFB combustors have relatively low velocities and
coarse bed-particle size.!%1¢

Most FBCs are of the atmospheric fluidized-bed (AFBC) type,
which, as the name suggests, operate at atmospheric pressure. A
newer and potentially promising type of FBC is the pressurized
fluidized-bed combustor (PFBC). These combustors are physically
smaller (yet maintain the same megawatt capacity as equivalent
AFBCs), operate at 10 to 20 times atmospheric pressure, and
incorporate a gas turbine in their power production cycle.
Because of these features, PFBCs offer a potentially significant
gain in overall thermal efficiency over AFBCs.'’
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.2.3.1.6 Distribution of Furnace Types. Figure 2-2 shows
the 1990 distribution of furnace types by fuel in the utility
industry by unit and by total megawatts.! Wall-fired designs
account for the largest portion of the coal-fired units by number
of units (50.2 percent), which represents 47.8 percent of the
coal-fired units’ total megawatts. The second and third most
common designs are the tangential-fired and cyclone-fired units.
Tangential firing is used in 39.8 percent of the units (43.6
percent of the total megawatts), and cyclone firing is used in
8.4 percent of the units (8.3 percent of the total megawatts).
Stoker-fired boilers and FBCs account for about 1.6 percent of
designs among the coal-fired units (0.3 percent of the total
coal-fired megawatts). Wall-fired designs represent the largest
portion of gas- and oil-fired units by number of units
(68 percent), which represents 64 percent of the total megawatts.
The second most common design is the tangential-fired unit.
Tangential-fired units represent 30 percent (34 percent of the
total megawatts) of the gas- and oil-fired units, and combined-
cycle gas turbine units account for about 2 percent (2 percent of
the total megawatts) of designs for gas- and oil-fired units.

2.3.1.7 Effects of Furnace Type on HAP Emissions. Many of
the organic HAPs leaving a furnace in the gas stream are produced
in the combustion zone and succeeding parts of the gas path.
Factors expected to affect the types and quantities of HAPs
produced and emitted include temperature, residence time, fuel
characteristics, firing scheme, bottom-ash and/or fly-ash
partitioning, and adsorption onto ash. In comparison,
essentially all elemental HAPs leaving the furnace enter into the
fuel. The proportion of elemental HAPs in the gas stream depends
primarily on the bottom~ash and/or fly-ash partitioning and
adsorption onto ash. For both cases, furnace type appears to
influence the HAPs that leave the furnace and continue to a
control device or stack. Chapter 10 provides a discussion, from
limited data, suggesting that, for example, organic HAP emissions
are increased as furnace conditions are changed. Similarly for
elemental HAPs, chapter 10 shows data suggesting that, for
example, cyclone boilers emit some elemental HAPs at lower rates
than tangential boilers, and tangential boilers emit at lower
rates than cyclone boilers for other HAPs. Although tentative,
furnace type characterizations as related to HAP emissions are
used for the modeling described later in this report. Appendix D
describes the construction of the models and the manner in which
HAP emissions are assigned to each furnace type.

2.3.2 Bottom Types
There are two types of furnace bottoms, wet and dry. The
type of bottom used depends on the type of fuel to be burned and
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on the engineering requirements of the furnace. Wet-bottom
furnaces sweep the flame across the furnace floor at all firing
rates to maintain the ash in a molten state. Because of the ash
handling and temperature limitations of wet-bottom boilers,
dry-bottom furnaces are the only type currently used in new
furnace construction.

In dry-bottom boilers, the ash reaches the melting point but
cools when deposited on the furnace walls; thus, it can be
removed in a dry state. This type of bottom is used in furnaces
with tilting fuel nozzles. It can provide a wider steam
temperature control range and can burn coals with widely varying
ash characteristics.'®

2.3.3 Cogeneration

Units that cogenerate steam and electricity can be
classified as topping or bottoming systems. Topping systems
produce electricity first, and all or part of their exhaust heat
is subsequently used in an industrial process. A bottoming
system uses waste heat from a boiler (or other high-temperature
thermal process) to run a steam turbine and/or generating unit to
produce electricity.®#

2.3.4 Combined-Cycle Systems

The use of one source of hot gas to produce electricity by
the means of two separate thermal cycles and associated turbines
is known as combined cycle, such as a combustion gas turbine with
exhaust gas used to create steam for a steam turbine. Only
systems that incorporate a steam turbine as one of the two cycles
are considered in this study. Simple-cycle gas turbines with
waste gas vented directly to the atmosphere are not considered.
Combined-cycle systems consisting of a gas turbine with exhaust
gases serving a heat recovery steam generator are considered if
they otherwise meet the definition of an electric utility steam
generating unit.

2.4 PARTICULATE MATTER CONTROL

This section describes the four major types of PM controls
used on utility boilers: mechanical collectors, electrostatic
precipitators (ESPs), particle scrubbers, and fabric filters
(FFs). Figure 2-3 illustrates the 1990 distribution of PM
control by fuel in the utility industry by unit and by total Mw.?

In 1990, ESPs accounted for the largest portion of the PM
control technology used on coal-fired units by number of units
(91 percent) and by total megawatts (91 percent). The second
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most common control technology was the FF (also referred to as a
baghouse). Fabric filters were used on 7 percent of the
coal-fired units (6 percent of total megawatts). Particle
scrubbers were used on 2 percent of the coal-fired units
(approximately 3 percent of the total megawatts).

Uncontrolled units represented (1990) the largest portion of
the oil-fired units (60 percent) and accounted for 52 percent of
the oil-fired industry's total MWs. In 1990, ESPs were used on
22 percent of the oil-fired units or at 26 percent of the
capacity of the oil-fired industry. Mechanical controls
(cyclones) were used on 18 percent of the oil-fired units
(22 percent of the total MWs). Gas-fired units had no PM
controls.?

As PM is formed during the combustion process and moves
through the boiler system, HAPs can be condensed or adsorbed on
particle surfaces. Although most particles are formed in the
3-um to S50-um range®® (on a mass basis), HAPs tend to concentrate
preferentially on particles smaller than about 7 um, and
especially on those around 0.3 um.?® Because of this
preferential concentration, high collection efficiency for fine
particles is an important factor in evaluating HAP control from
PM collection devices. Each of the four major control devices is
described here, along with its method of operation and collection
efficiency by particle size. Many of the efficiency data by
particle size originate from extensive studies performed by the
EPA expressly for the purpose of comparing field performance of
FFs, ESPs, and particle scrubbers applied to combustion sources.
Special care was taken to provide accurate measurements for
particles smaller than about 10 um.

2.4.1 Mechanical Collectors

Mechanical collectors are the oldest, simplest, and least
efficient of the four types of PM control devices. The
collectors used for utility boilers are generally in the form of
groups of cylinders with conical bottoms {(multicyclones).
Particles in the entering gas stream are hurled to the outside of
the cylinder by centrifugal force and are discharged at the
bottom of the cone. Collection efficiency for a typical
multicyclone may be about 70 to 75 percent for 10-um particles,
but may drop to less than 20 percent for 1l-um particles.?® Thus,
the multicyclone would be the least effective of the four devices
discussed here for reducing HAPs emitted into the atmosphere as
small particles or attached to small particles.?®




2.4.2 Electrostatic Precipitators

Electrostatic precipitators have been used on boilers for
about 80 years, can be designed for high efficiencies
(>99 percent, but at the cost of increased unit size), and are
the most fregquently used PM control devices on utility boilers.
They operate by imparting an electrical charge to incoming
particles, then attracting the particles to oppositely charged
plates for collection. The collected particles are periodically
dislodged in sheets or agglomerates by rapping the plates.
Particle removal in an ESP depends largely on the electrical
resistivity of the particles being collected. An optimum value
exists for any ash, above and below which particles become less
effectively charged and collected. Coal that contains a moderate
to high amount of sulfur (more than about 3 percent) produces an
easily collected fly ash. Low-sulfur coal produces a
high-resistivity fly ash that is difficult to collect.
Resistivity of the fly ash can be changed by operating the boiler
at a different temperature or by conditioning the particles
upstream of the ESP with sulfur trioxide, sulfuric acid, water,
sodium, or ammonia. In addition, efficiency is not uniform for
all particle sizes. For coal fly ash, particles larger than
about 1 to 8 um and smaller than about 0.3 um are typically
collected with efficiencies from 95 to 99.9 percent.?® Particles
near the 0.3 um size are in a charging transition region that
reduces collection efficiency.? These particles have been shown
to have lower collection efficiency (about 50 to 95 percent).
However, for particles in the 1- to 8-um size range, the reasons
for poorer collection efficiency are not as well understood.
There is often a penetration peak in this size range.?® If these
particles escape capture by the ESP, boiler emissions are likely
to show an increase in smaller particles that may be enriched
with HAPs.?® As mentioned above, ESPs can be designed to control
particulate emissions to high efficiencies. On a total mass
basis, these efficiencies can be equivalent to FFs. However, on
a fine particulate basis, the ESP may not be quite as effective
as an FF. Because designing for higher overall efficiencies in
an ESP requires increasing the size (and cost) of the device,
past practice has been to design to meet regulatory requirements.
Further study is required to determine the capabilities of ESPs
for higher overall HAP removal compared to other control systems.

2.4.3 Particulate Matter Scrubbers

The use of wet scrubbers for PM collection has three
distinct disadvantages: high energy consumption when high
efficiency is required, the presence of a wet effluent to be
disposed of, and difficulty in obtaining high collection
efficiencies for fine particles. Scrubbers operate by shattering
streams of water into small droplets that collide with and trap
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PM contained in the flue gas or by forcing the flue gas into
intimate contact with water films. The particle-laden droplets
or water films coalesce and are collected in a sump at the bottom
of the scrubber. The three common types of scrubbers for fly ash
control are venturi, preformed spray, and moving bed. Venturi
scrubbers, the type most commonly used for utility systems,
transport particle-laden flue gas through a constriction at which
violent mixing takes place. Water is introduced either at, or
upstream of, the constriction. Preformed spray scrubbers are
usually vertical cylinders with flue gas passing upward through
droplets sprayed from nozzles near the top of the unit.
Moving-bed scrubbers have an upper chamber in which a bed of
low-density spheres (often plastic) is irrigated by streams of
water from above. Gas passing upward through the bed agitates
the wetted spheres, which continually expose fresh liquid
surfaces for particle transfer. Particle collection efficiency
in scrubbers is generally size and energy dependent. Although
some scrubbers collect particles at high efficiency with low
energy consumption, venturi scrubbers are normally energy
intensive compared to ESPs or FFs. Particles larger than a few
micrometers can be collected with efficiencies greater than 99
percent, but, at sizes smaller than about 1 or 2 um, efficiency
may be reduced to less than 50 percent.3® Because of this low
collection efficiency, the emission of HAP-laden particles from
scrubbers is expected to be greater than for ESPs. However,
water in the scrubbér may remove water-soluble HAPs.3?

2.4.4 Fabric Filters

Fabric filters have been used on utility boilers for about
20 years. They are inherently efficient and are effective when
high-efficiency PM collection is required. Unlike ESPs, their
size is not a strong function of desired efficiency. They must
be designed and operated carefully to ensure that the fabric
tubes (bags) inside the collector are not damaged or destroyed by
adverse operating conditions. Fabric filters collect PM by
placing a fabric barrier in the flue gas path. Gas passes freely
through the fabric, but particles are trapped and retained for
periodic removal. Data from a small utility boiler show
collection efficiencies not lower than 99.6 percent across all
particle sizes from 0.3 um to about 10 um (the range of the
measuring equipment) .?? Because of its high collection
efficiency for small particles, the baghouse should be
particularly effective for removing particles that have been
enriched with HAPs.3¥** However, further study is required to
determine if baghouses can remove significantly greater
quantities of HAPs than are removed by other control systems.




2.4.5 Comparison of Particle Collectors

Table 2-1 compares the characteristics and capabilities of
the four particle collection devices described. Fabric filters
and ESPs appear to provide the highest mass collection efficiency
for fly ash. Fabric filters appear to be the best of the four
devices for capturing small particles that may be enriched with
HAPs. Examination of Tables 10-6 and 10-9, which compare HAP
removal by cold-side ESPs and FFs on utility boilers, also
suggests that FFs may be more effective. However, further study
is required for confirmation.

2.5 SULFUR DIOXIDE CONTROL

Sulfur dioxide emissions are controlled through either
(1) precombustion measures, namely, the combustion of fuels that
contain lesser amounts of sulfur; (2) combustion measures, such
as an FBC system that combusts coal and limestone (or an inert
material); and (3) postcombustion measures, such as the use of
flue gas scrubbing devices.

Precombustion measures may include the use of compliance
fuels (fuels having characteristics, such as low sulfur content,
that allow the user to comply with emission limitations solely by
switching to the fuel) to meet State implementation plans (SIPs)
or NSPS. The use of SIP or NSPS fuels means that the sulfur
content in the fuel is sufficiently low that add-on controls or
postcombustion controls are not required. As of 1990, all oil-
and gas-fired units burn compliance fuel, while approximately
85 percent of the coal-fired units burn compliance coal.?

Compliance coal may be obtained through the mining of
lower-sulfur coals, coal washing, and/or coal blending. (Because
coal washing is reviewed in section 2.5.1, it is only briefly
mentioned here.) Most bituminous coals are cleaned in order to
meet customer specifications on sulfur, ash, and heating content.
In the process of cleaning, the sulfur and ash content of the
coal are reduced, while the heating content may be increased.
Consequently, less of the cleaned coal, containing less sulfur,
is needed to achieve a given heating rate. Compliance coal may
also be obtained through coal blending, in which higher-sulfur
coals are blended with lower-sulfur coals.

Combustion measures control emissions of SO, from
five coal-fired units, representing a total capacity of 610 Mwe.
These units are FBCs and control SO, in the combustion zone by
using limestone as a sorbent.



Table 2-1. Comparison of Particulate Matter Collection Systems?®®

Typical mass Efficiency at Energy consumption, in. H,0
efficiency, %
Collector
Multicyclone 70 - 90 0-15 4-10 7-13
ESPs 99 - 99.7 80 - 95 0.5-1 3.5-4
Particle scrubber 95 - 99 30 -85 2-70 5-73
FFs 99 - 99.9 99 - 99.8 5-10 8-13

ESPs = Electrostatic precipitators.
FFs = Fabric filters.

Because of the 1990 amendments, o0il- and natural-gas-fired
units now burn compliance fuels that combust with lower SO,
emissions. Using compliance fuels allows the units to avoid
postcombustion scrubbing.! However, approximately 15 percent of
the coal-fired units use postcombustion control of SO,
emissions.* The rest of this section describes precombustion
techniques and postcombustion SO, control devices, namely
scrubbers, that are used in the coal-fired utility industry.

Figure 2-4 shows SO, control devices used in coal-fired
utilities in 1990 based on the number of units and total Mw
capacity.! As shown in Figure 2-4, 15 percent of the units,
representing about 22 percent of the coal-fired generation
capacity, used postcombustion flue gas scrubbing to comply with
SO, regulations. A wet scrubber was used at approximately
14 percent of the units (approximately 21 percent of the
coal-fired total electric capacity), while a spray drver
adsorber/FF (SDA/FF, also called a dry scrubber) system was used
at approximately 1 percent of the coal-fired units (approximately
1 percent of the coal-fired total electric capacity).

Sulfur dioxide emission standards for utility steam
generators vary according to the size, age, and location of a
facility. Existing boilers are regulated by SIPs. Plants built
after 1971 are subject to NSPS SO, emission limits of 1.2 1b
SO,/MMBtu. Plants built after 1978 are additionally required to
reduce their SO, emissions by 70 to 90 percent.

The extent of postcombustion SO, control used by the utility
industry will increase in response to Title IV of the 1990
amendments to the Act, which require SO, reduction in two phases.
The likely mix of SO, control approaches that will be used to
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comply with the Phase I and Phase II requirements is discussed in
section 2.7.

2.5.1 Precombustion Control: Fuel Options

By using coal with an appropriately low sulfur content,
85 percent of the coal-based utility units currently comply with
SO,. Compliance coals may be mined from the ground or may be
obtained by cleaning or blending mined coal.

Physical coal cleaning typically involves (1) size reduction
and screening, (2) gravity separation of coal from sulfur-bearing
mineral impurities, and (3) dewatering and drying.?3®
Approximately 77 percent of the eastern and midwestern bituminous
coal shipments are subjected to some physical cleaning process.?
Subbituminous and lignite coals are not routinely cleaned.3®-3°
The primary purpose of physical cleaning has been to remove ash;
coal cleaning has the consequence of increasing the heating value
of the coal and reducing the sulfur content in the coal.*
Bituminous coals from the eastern U.S., cleaned with a 1.6
specific gravity separation, were found to provide reductions of
48 percent ash, 65 percent pyritic sulfur, 43 percent total
sulfur, and 48 percent SO, emissions at a Btu recovery rate of 94
percent .

As with sulfur, many trace elements may be both organically
bound and present as a part of a mineral in the same coal. Thus,
physical coal cleaning has the potential to remove some of the
trace elements associated with the mineral matter. Recent
experimental studies showed significant reductions of a number of
trace elements.? % The reduction percentages were found to
depend on the type of coal and the trace element's nature within
the coal. For a few trace elements, an enrichment effect was
observed for some of the coal samples; however, when expressed on
a Btu basis, physical cleaning will always reduce, to some
extent, the amount of trace elements present in coal. The
effectiveness of coal cleaning in reducing concentrations of
trace elements in coal is discussed in section 10.1.2.

2.5.2 Postcombustion Control: Flue Gas Scrubbing for SO, Control
According to the 1992 compilation of the Edison Electric
Institute's (EEI) Power Statistics database (examining 1990
data), scrubbers were installed on 152 boiler units (out of about
1,043 coal-fired units in the U.S.) with a total rated capacity
of 68,695 MWe.! Table 2-2 lists the different types of scrubbing
installations used in U.S. utility power plants. As shown in
Table 2-2, wet limestone/lime slurry scrubbing represents the




Table 2-2. Distribution of SO, Control Technologies in 1990%

No. of boiler units Instalied FGD capacity, Total percent of
MWe installed FGD capacity,
%
Wet limestone 69 34,521 50.3
Wet lime 45 19,977 29.0
Dry lime/SDA 15 5,626 8.2
Sodium carbonate 9 3,181 4.6
Dual-alkali 6 2,267 3.3
Wellman-Lord 4 1,779 2.6 |
| Mag-Ox 3 895 1.3
Dry aqueous carbonate 1 450 0.7
Total 100.0
_

FGD = Fluidized gas desulfurization.
SDA = Spray dryer adsorber.

most prevalent scrubber type with almost 80 percent of the total
flue gas scrubbing capacity.?

2.5.2.1 Wet Limestone. In a wet limestone scrubber, flue
gas containing SO, is brought into contact with a limestone-water
slurry. The SO, is absorbed into the slurry and reacts with
limestone to form an insoluble sludge. The sludge, mostly

calcium sulfite hemihydrate and gypsum, is usually disposed of in
a pond.*

The two common absorber designs include fixed packing and
horizontal or vertical spray towers, with spray towers being the
most prevalent. The absorber must be constructed of materials
that resist corrosion, erosion, and scaling. To reduce corrosion
and erosion problems, a scrubber is located downstream of a PM
collection device. A flue gas cooler and humidifier are used to
cool the flue gases, generally to 50° C (122°F), prior to
absorption. The size and number of scrubber modules are directly
related to boiler size, load fluctuations, and system
availability and compliance requirements.

Auxiliary equipment includes a demister to remove entrained
droplets from the scrubber outlet gas, a heat exchanger system to
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reheat the outlet gas prior to exhaust, a slurry preparation
system, and a disposal system for the large quantities of sludge
produced. Sludge disposal needs can be very site specific and
depend upon the local c¢limate and soil conditions.*

The basic wet limestone scrubbing process is simple and well
established. Limestone sorbent is cheap and generally locally
available in the U.S. The S0, removal efficiencies of existing
wet limestone scrubbers range from 52 to 95 percent, with an
average of 85 percent.! Operating parameters affecting SO,
removal efficiency include liquid-to-gas ratio, pH of the
scrubbing medium, and the ratio of calcium sorbent to SO,.
Periodic maintenance is needed because of scaling, erosion, and
plugging problems.

Recent advancements include the use of additives or design
changes to promote SO, absorption or to reduce scaling and
precipitation problems. Gypsum can now be recovered as a salable
byproduct. Extensive operating experience has increased industry
confidence in designing larger, more reliable limestone scrubber
modules. In 1990, wet limestone scrubbers were used at 69 units,
or at 34,521 MWe of the total scrubbing capacity.

2.5.2.2 Wet Lime. In a wet lime scrubber, flue gas
containing SO, is contacted with hydrated lime-water slurry; the
SO, is absorbed into the slurry and reacts with hydrated lime to
form an insoluble sludge. The hydrated lime provides greater
alkalinity (higher pH) and reactivity than limestone.*®

Wet lime scrubbing is a proven technology; considerable
operating experience has been gained in 45 utility units.! These
units represented 19,977 MWe of the total scrubbing capacity in
1990. The S0, removal efficiencies of existing wet lime
scrubbers range from 72 to 99 percent. Recent advances include
the use of additives to improve performance, reduce scaling
problems, and produce a salable gypsum byproduct. Lime scrubbing
processes require consideration of appropriate disposal of large
quantities of waste sludge.

2.5.2.3 Dry Lime/Spray Dryer Adsorber. This process
produces dry reaction waste products for easy disposal. In this
process, flue gas at air preheater outlet temperatures of 121° to
177° C (250° to 350° F) is contacted with fine spray droplets of
hydrated lime slurry in a spray dryer vessel. The SO, is
absorbed in the slurry and reacts with the hydrated lime reagent
to form solid calcium sulfite and calcium sulfate as in a wet
lime scrubber.‘® The water is evaporated by the heat of the flue
gas. The dried solids are entrained in the flue gas, along with
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fly ash, and are collected in a PM collection device. Most of
the SO, removal occurs in the spray dryer vessel itself, although
some additional SO, capture has also been observed in downstream
PM collection devices, especially baghouses.

The primary operating parameters affecting SO, removal are
the calcium-reagent-to-sulfur stoichiometric ratio and the
approach to saturation in the spray dryer. To increase overall
sorbent utilization, the solids collected in the spray dryer and
the PM collection device may be recycled. The SO, removal
efficiencies of the existing lime spray dryer systems range from
60 to 90 percent.! Spray dryers were used at 15 units and
constituted 5,626 MWe of scrubbing capacity in 1990.

2.5.2.4 Wet Sodium Carbonate. Flue gas scrubbing with
sodium carbonate solution minimizes the operation and maintenance
problems related to lime and/or limestone slurry scrubbers.
However, the process uses a reagent that is relatively expensive
unless it can be found as a byproduct from another process or as
a locally mined material (trona). There were nine units (in
1990) using wet sodium carbonate scrubbing in the U.S.,
representing 3,181 MWe of the total scrubbing capacity.! Waste
products of this process include sodium sulfite and sodium
sulfate.

Due to the higher solubility and greater reactivity of the
sodium carbonate compared to lime and/or limestone, a smaller
size scrubber can be used. The primary operating parameters are
liquid-to-gas ratio and the reagent stoichiometric ratios used.
Sorbent utilizations are high. The SO, removal efficiencies
reported for this process range from 53 to 91 percent.! The
soluble reaction products must be treated before disposal. The
treated flue gas is demisted and reheated before exhausting
through a stack.

2.5.2.5 Dual Alkali. A dual alkali system combines the
operational advantage of a sodium-based solution scrubbing system
with the economic advantage of a lime and/or limestone-based
system. As practiced in the U.S., a dual (or double) alkali
system uses a sodium sulfite solution to absorb SO, from flue gas
and to form sodium bisulfite. The spent sorbent is reacted with
lime to precipitate calcium sulfite and to regenerate the active
sodium sulfite sorbent.!” The precipitated calcium salts are
separated and dewatered for disposal. The treated flue gas is
demisted and reheated before it is exhausted through a stack.

The dual alkali process has been installed (1990) on six
boiler units in the U.S. with a combined capacity of 2,267 MwWe.
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The SO, removal efficiencies at these plants range from 89 to 95
percent.? This process also requires appropriate disposal of
large quantities of waste calcium salts. Recent advances in this
process include forced oxidation of calcium sulfite to a salable
gypsum byproduct, which reduces the waste disposal load.

2.5.2.6 Wellman-Lord. In the Wellman-Lord process, SO,
from the flue gas is absorbed in a sodium sulfite solution to
form sodium bisulfite as in the dual-alkali process. The spent
sorbent is, however, thermally regenerated by reversing the
absorption reaction. Regenerated sodium sulfite crystals are
dissolved and returned to the absorber. The concentrated,
stripped SO, stream is converted to salable sulfuric acid,
elemental sulfur, or liquid SO0,.%® The treated flue gas is
demisted and reheated before it is exhausted through a stack.
The Wellman-Lord process has been installed on four U.S. boiler
units with a combined capacity of 1,779 MWe (1990), with SO,
removal efficiencies ranging from 85 to 90 percent.!

2.5.2.7 Magnesium Oxide. Similar to Wellman-Lord, the
magnesium oxide (MAG-0X) fluidized gas desulfurization (FGD)
process is regenerable. The SO, in the flue gas is absorbed by a
magnesium oxide slurry, and the resulting magnesium sulfite is
calcined to regenerate magnesium oxide that is slurried and
recycled back to the absorber. The S0,-rich gas produced in the
regeneration step is processed further to produce a salable
product such as sulfuric acid or elemental sulfur.?

Because of the high-temperature regeneration step at 800° to
1,000° C (1,472° to 1,832° F), energy requirements for this
process are high. However, due to the regenerative nature of the
process, reagent and disposal costs are small. Scrubber plugging
and scaling problems are reduced compared to a limestone
scrubbing system. The corrosion and/or erosion problems related
to a slurry operation are still significant. The magnesium oxide
process has been installed on three boiler units in the U.S. with
a combined capacity of 895 Mwe (19590). The SO, removal
efficiencies at these plants range from 92 to 95 percent.?

2.5.2.8 Dry Agueous Carbonate. In the dry aqueous
carbonate process, the flue gas is contacted with an aqueous
sodium carbonate solution in a spray dryer. The sodium carbonate
reacts with and removes SO, from the flue gases, then the
solution is evaporated to dryness by the hot flue gases. The dry
reaction products, consisting of sodium sulfite, sodium sulfate,
and unreacted sodium carbonate, are removed from the flue gases
by passage through multicyclones and an ESP. Subsequent
processing of the reaction products with crushed coal yields

L
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regenerated sodium carbonate and hydrogen sulfide gas. The
sodium carbonate is recycled to the spray absorber, and hydrogen
sulfide gas is converted to salable sulfur.?® Only one unit, of
450 MWe capacity, uses the dry aqueous carbonate system for FGD
(1990); it has a 70 percent SO, removal efficiency.?

2.6 NO, CONTROL

This section provides a brief review of the formation and
control of NO, emissions, as well as the general types of NO,
control used in the utility industry. Detailed information on
the formation and control of NO, can be found in four major
technical documents.>*3¢

Figure 2-5 shows NO, control approaches used in 1990 based
on the number of units and total MW capacity.! Around 81 percent
of coal-fired plants, representing about 67 percent of the coal-
fired MW capacity, had no NO, control, while around 19 percent of
the units, representing about 33 percent of the cocal-fired Mw
capacity, used some kind of NO, control. Approximately
73 percent of the gas- and oil-fired units, with about 62 percent
of the MW capacity, did not use NO, control, while approximately
27 percent of the units, representing about 38 percent of the
gas- and oil-fired MW capacity, used some kind of NO, control.

The chemical species nitrogen dioxide (NO,) and nitrogen
oxide (NO) are collectively called NO,. 1In general, NO, from
combustion consists of about 95 percent NO and 5 percent NO,;
however, NO, is reported as NO,.*® Nitrogen oxides are primarily
formed during fossil fuel combustion in one of two ways:

(1) oxidation of nitrogen in the combustion air to give thermal
NO,, or (2) oxidation of nitrogen contained in the fuel to give
fuel NO,. There is a third form of NO,, namely prompt NO,, that
is formed by the reaction of nitrogen and hydrocarbons in the
fuel, but prompt NO, has a lifetime of several microseconds.>®
Thermal NO, is the predominant form during the combustion of
fuels that contain relatively little fuel-bound nitrogen (such as
natural gas and distillate o0il). Both thermal and fuel NO, are
formed during the combustion of fuels that contain fuel-bound
nitrogen (such as residual oil and coal).?” Fuel switching,
then, may yield reduced NO, emissions.

The formation of NO, for coal-fired units depends on factors
such as the type of boiler, type of burner, and facility
operation.’® Any of these factors that increase temperature or
residence time at high temperature will promote NO, formation.>®
In general, cyclone and other wet-bottom boilers have relatively
higher NO, emissions, with an approximate range of 1 to 2
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lb/MMBtu, than do dry-bottom boilers, which have an approximate
range of 0.4 to 1.5 1lb/MMBtu.®® With regard to the type of
burner, wall-fired wet-bottom boilers have relatively higher NO,
emissions with an approximate range of 1.6 to 2 1lb/10° Btu, wall-
fired dry-bottom boilers have moderate NO, emissions with an
approximate range of 0.5 to 1.45 lb/MMBtu, and tangential-fired
dry-bottom boilers have relatively lower NO, emissions at
approximately 0.4 to 0.9 lb/MMBtu.®' Because of their low
combustion temperatures, an FBC’'s thermal NO, is essentially
zero. Design features such as staged combustion can
significantly reduce fuel NO,, leading to low NO, emissions.*®?

The reduction of NO, emissions is important for controlling
acid rain and ozone formation.®® Techniques used to reduce NO,
formation include those for combustion and postcombustion
control. Combustion control techniques regulate the amount of
combustion air and may also control the flame temperature at
different stages of the combustion process; postcombustion
control involves the removal of NO, from the flue gas.® More
than one form of combustion control may be used for a given unit.

2.6.1 Combustion Control

Control can be achieved through staged combustion (also
called air staging). With staged combustion, the primary
combustion zone is fired with most of the air needed for complete
combustion. The remaining air needed is introduced into the
products of the incomplete combustion in a second combustion
zone. Air staging lowers the peak flame temperature, thereby
reducing thermal NO,, and reduces the production of fuel NO, by
reducing the oxygen available for combination with the fuel
nitrogen.® Staged combustion may be achieved through low
NO, burners, overfire air (OFA), off-stoichiometric firing (OSF),
selective or biased burner firing (BBF), and burners-ocut-of-
service (B0OOS).% Each of these methods requires modifying
equipment or operating conditions so that a fuel-rich condition
exists near the burners. 1In cyclone boilers, combustion occurs
with a molten ash layer and the combustion gases flow to the main
furnace; this design precludes the use of low NO, burners and air
staging.®’

Low NO, burners may be used in coal-, oil-, and gas-fired
boilers to lower NO, emissions by about 25 to 55 percent.®®
Overfire air may be used as a single NO, control technique, with
NO, reductions of 15 to 50 percent.®® 7’ When OFA is combined with
low NO, burners, reductions of up to 60 percent may result.’? The
actual NO, reduction achieved with a given control technique may
vary from site to site.’®
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_Just as the combustion air to the primary combustion zone
may be reduced, part of the fuel may be diverted to create a
secondary flame with fuel-rich conditions downstream of the
primary combustion zone. This combustion technigque is termed
reburn and involves injecting 10 to 20 percent of the fuel after
the primary combustion zone and completing the combustion with
OFA.”” The fuel injected downstream is not necessarily the same
as that used in the preliminary combustion zone. In most
applications of reburn, the primary fuel is coal and the reburn
fuel is natural gas. Natural gas reburn has been successfully
demonstrated in several field tests in the United States and
abroad.’ 7 Reburn with other fuels, primarily coal, is currently
under development, as are improvements in the process.’®

Other ways to reduce NO, formation by reducing peak flame
temperature include using flue gas recirculation (FGR), reducing
amounts of OFA, injecting steam or water into the primary
combustion zone, and increasing spacing between burners.”” By
returning part of the flue gas to the primary combustion zone
(FGR), the flame temperature and the concentration of oxygen in
the primary combustion zone are reduced. Flue gas recirculation
is usually used with natural gas and distillate oil combustion.
The peak temperature may also be reduced in natural gas and
distillate fuel o0il combustion units by reducing the amount of
combustion air that is preheated; however, the unit efficiency
will also be reduced.

To cool combustion gases, steam or water may be injected
with the fuel, with the air, or directly into the combustion
zone. This technique is used for gas-fired turbines due to the
relatively low efficiency penalty (typically 1 percent).’®
However, this technique is not used for utility boilers because
it has a high efficiency penalty (about 10 percent).’® As shown
in Table 2-3, approximately 36 percent of the combined-cycle
turbine units used steam or water injection for NO, control in
1990, while only approximately 2 percent of the boilers reported
using this technigue. Temperatures may also be reduced in the
primary combustion zone by increasing the spacing between burners
for greater heat transfer to heat-absorbing surfaces.” Another
combustion control technigque involves reducing the boiler load.
In this case, the formation of thermal NO, generally decreases
directly with decreases in heat release rate; however, reducing
the load may cause poor air and fuel mixing and increase carbon
monoxide and soot emissions.®

2.6.2 Postcombustion Control
Postcombustion control involves the removal of NO, from the
flue gas downstream of the combustion zone and is achieved either
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Table 2-3.

Distribution of NO, Control by Fuel Burned, by Unit,

in 1990 %2
Percent NO, control
Staged Boiler design Staged combustion with f

Fuel None combustion injection of water or steam
Coal, Boiler bottom

Dry 79 (64) 18 (32) 3 (4) -

Wet 97 (97) 3 (3) - -
oil 73 (66) 26 (33) - -
Gas 73 (60) 25 (38) <1 2(2)
Combined-cycle turbine 64 (63) - - 36 (37)°

¥ Values listed in parentheses are the percent distribution by MWe for each type of fuel.

Only steam or water injection.

by reducing NO, emissions only (selective noncatalytic reduction
[SNCR]) or by reducing combined emissions of CO, hydrocarbons,

and NO, (selective catalytic reduction [SCR]).%
to date,

control has,

Postcombustion
seen limited use in new coal-fired units

with the application concentrated in California, where SCR is
used at cogeneration plants and with gas-fired turbines and where

SNCR is used at FBCs,
gas-fired unit boiler.?®?

two pulverized coal-fired units,

and a

Selective catalytic reduction has also

been implemented at an IPP Cogen plant in New Jersey.?

With SCR, ammonia or another reducing agent is diluted with

air or steam,

upstream of a vanadium,

bed.
surface.®®

and the mixture is injected into the flue gas
titanium, platinum,
The NO, is reduced to molecular nitrogen on the catalyst
Selective catalytic reduction units provide up to

or zeolite catalyst

70 to 90 percent NO, reduction®® and are usually located between
the economizer outlet and air heater flue-gas inlet, where
temperatures are 230° to 400° C (450° to 750° F).®%®

Selective noncatalytic reduction is currently achieved

commercially in one of two ways:
or NO,OUT®, an EPRI process.

process,

gas.

THERMAL DeNO,®, an Exxon

THERMAL DeNO,® reduces NO,
to nitrogen through injection of ammonia into the air-rich flue

NO,0UT® achieves NO, reduction by injecting urea into the

oxygen-rich and/or high-temperature convection part of the

boiler.?®®
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_The necessity of using nitrogen-based reagents requires SCR
and SNCR systems to closely monitor and control the rate of
reagent injection. If injection rates are too high, NO,
emissions may increase (in SNCR systems), and stack emissions of
ammonia may also occur in concentrations of 10 to 50 ppm. A
portion (usually around 5 percent) of the NO reduction by SNCR
systems is due to transformation of NO to N,0, which is a global
warming gas.

Table 2-3 presents a general breakdown of utility industry
NO, control usage according to the 1990 EEI power statistics
database.! As shown in Table 2-3, most of the utility industry
has no NO, control; 79 percent of the dry-bottom coal-fired
boiler units, 97 percent of the wet-bottom coal-fired boiler
units, 73 percent of the oil- and gas-fired boiler units, and
64 percent of the combined-cycle turbine units had no NO, control
in 1990. Units that had NO, control equipment used various types
of staged combustion techniques, including low-NO, burners, OFA,
OSF, BBF, and BOOS. Staged combustion control was used in 18
percent of the dry-bottom coal-fired units, 3 percent of the
wet-bottom coal-fired units, 26 percent of the oil-fired units,
and 25 percent of the gas-fired boiler units. As previously
noted, steam or water injection was used for NO, control in
approximately 36 percent of the combined cycle units. Table 2-3
also shows that approximately 3 percent of the dry-bottom
coal-fired units had boiler design as a NO, control method.

2.7 UTILITY INDUSTRY AFTER IMPLEMENTATION OF 1990 AMENDMENTS

This section describes the changes in the utility industry
expected during the 1990-2010 time frame. The effect of planned
generation capacity growth on the fuel use and technologies that
will be used for steam and power generation is discussed in
section 2.7.1. Title IV of the 1990 amendments requires the
utility industry to reduce SO, emissions in two phases. The
effect of SO, control measures likely to be used to comply with
the Phase I and Phase II regquirements on the overall mix of
utility SO, control technology is discussed in section 2.7.2.
For the purposes of this analysis, the projected compliance date
for Phase II was determined to be 2010. This year was chosen
after discussions with Agency, nonagency, and industry sources
concerning possible delays written into the Acid Rain Provision
of the Act.

Title IV also contains other provisions that will affect
utility responses to regulations. These revisions include topics
such as permitting, monitoring, enforcement, re-powering, and
penalties. Although these provisions affect the manner in which
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the utility industry will respond to regulations, they are
generally subsidiary to emissions estimates based on fuel usage.
These provisions are not discussed further here.

2.7.1 Industry Growth

The publicly owned utility companies, Federal power
agencies, rural electric cooperatives, and investor-owned utility
generating companies are projected to increase their new
generating capacity in service or scheduled for service in the
1990-2010 time frame by 750 billion kWh, from 1,940 to
2,690 billion kWh.® These and other projections for utility
industry configuration and growth were taken from a study titled
“Economic Analysis of The Title IV Requirements of The 1990 Clean
Air Act Amendments” produced for the Acid Rain Division of the
EPA's Office of Air and Radiation by ICF Resources Incorporated.
This single projection was used by the Office of Air Quality
Planning and Standards (OAQPS) to maintain consistency with the
Acid Rain Division. This projection may be compared with others
for future analyses.

Figure 2-6 compares utility fossil fuel consumption, on a
Btu basis, for 1990 and projected use for 2010 (publicly owned
utility companies, rural electric cooperatives, investor-owned
utility generating companies only). On this basis, the
predominant fuel both in 1990 and projected for 2010 is coal, at
approximately 81 percent of the total industry fuel usage. 0il
and gas consumption in 1990 were, respectively, 6 and 13 percent
of the total industry fuel usage on a Btu/yr basis. For 2010,
0il consumption was projected to decrease to 2 percent, and gas
consumption was projected to increase to 17 percent on a Btu/yr
basis for the total industry fuel usage.®® Projected coal
consumption in 2010 is expected to be the same percentage of the
total utility fossil fuel usage as in 1990 (81 percent).

Figure 2-7 shows the projected growth of each utility fuel
between 1990 and 2010.% Between 1990 and 2010, the consumption
of coal, oil, and natural gas is projected to increase by
32 percent, decrease by 50 percent, and increase by 59 percent,
respectively.

The projected increase or decrease in nationwide fuel
consumption noted above has been apportioned to only those units
projected to be in existence in 2010. The actual increased
consumption (coal and oil) would, in most cases, be distributed
among new units (existing units not being able to increase their
capacity factors to account for the majority of the growth).
These new units could be of various sizes and be located at new
or existing sites. However, since the Agency cannot estimate the
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size nor the location of the new units, the increased consumption
has been allocated to existing units (in 2010) for the analyses.
The decrease in o0il consumption could result in units being
retired or in a decrease in capacity factor, or a mix. The
decreased consumption has been allocated among those oil-fired
units believed to still be operating in 2010. Any new units
built to accommodate the increased consumption would be required
to comply with all applicable NSPS and State and local
regulations. However, for the purposes of the analyses, the
controls currently in use on the unit were considered to be in
place for the same unit with increased fuel consumption.

The Agency projects that 135 units will be retired during
the period between 1990 and 2010. These units have been removed
from the 2010 analyses.

2.7.2 Title I and Title IV, Phase I and Phase II, Compliance
Strategy Impact

Phase I and Phase II requirements of the Acid Rain
Provisions, listed in Title IV, establish a cap on the national,
annual SO, emissions. To achieve compliance with the
requirements, utilities may do one or any combination of the
following strategies (among others) at any given unit:
(1) install flue gas scrubbers, (2) switch to a fuel that
contains less sulfur, and (3) reduce the capacity factor of the
Phase I unit to the extent that the unit is in compliance and
provide plans for replacing the reduced capacity. This reduction
can be accomplished by either: (1) energy conservation,
(2) improved boiler efficiency, (3) use of a designated
sulfur-£free (nuclear or hydro not natural gas-fired) replacement,
(4) use of a Phase II compensating unit, or (5) purchase of
emission allowances. Emission allowances are allocated to
existing utility units based upon historical operating
conditions. One allowance equals the right to emit 1 ton SO,.
Affected units are required to turn in to the EPA one allowance
for each ton SO, emitted in a calendar year. Unused or “excess”
allowances may be sold on the open market.

The Phase I requirements affect 202 units at 110 plants,
which must comply with the Phase I requirements by January 1996.
To date, only 27 units at 16 plants (total generation capacity of
about 14,058 MWe) have announced plans to install scrubbers to
meet the Phase I requirements. The remaining 175 units
(94 plants) will comply with Phase I requirements by (as
mentioned above) either fuel switching (to low-sulfur coal), by
buying more allowances than allocated, or by otherwise having
enough allowances at the end of 1995 to cover their emissions.®
Nearly 50 percent of the Phase I units plan to fuel switch or to
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blend to obtain low-sulfur coal. Each of the 27 units known to
be installing scrubber units was modeled with the scrubber unit
for the 2010 scenario. In the absence of specific plans for the
remaining 175 units in Phase I, EPA modeled these units by
increasing their coal consumption in proportion to ICF Resources,
Inc. (2010) projections. These increases were also weighted by
the expected increased use of western, low-sulfur coal.

Under Phase II of the Acid Rain Provisions, all utility
units will be covered by 2000. Although industry projections
suggest an additional 25 units (at 10 plants) will install
scrubbers to comply with Phase II, the EPA believes that these
units will comply with Phase II requirements using alternate
methods.?® This assumption was based on several factors
including: (1) the increased availability of low-sulfur coal at
favorable prices; (2) the introduction of processes that reduce
sulfur emissions by 20 to 50 percent through partial cleaning of
higher sulfur coal, which allows for a variety of coal types to
be utilized (although the impact of these processes as Title IV
control options is uncertain at this time); and (3) the increased
age and small size of the affected units, giving the utility
companies little incentive to spend large amounts of capital on
installing scrubbers.®

Many utility units will be implementing NO, controls to
comply with both Title I and IV requirements. This control may
involve switching from coal- or oil-firing to natural gas-firing
(for at least a portion of the year), improved combustion
controls, or installation of low-NO, burners, among other
activities. If a fuel switch was known, that switch was
accounted for in the 1990 vs. 2010 analysis. No change in a
unit’s burner configuration {(i.e., “o0ld” vs. new low-NO,) was
included in the 2010 scenario. The impact of low-NO, burner
installation is discussed in chapter 10.

Under the acid rain program, the rules for NO, control
require that tangential-fired and dry-bottom wall-fired boilers
subject to Phase I SO, reduction requirements also meet annual
average NO, emission limits of 0.45 1b/MMBtu and 0.50 lb/MMBtu,
respectively, by January 1, 1996. Utilities that did not meet
the limits were to comply with the regulation by installing low-
NO, burner technology or by averaging emissions among several
units. This rule was issued as a direct final rule on
April 13, 1995 (60 FR 18751).

Under Phase II of the acid rain program, the EPA will

establish NO, emission limits for all other boilers, including
wet-bottom wall-fired boilers and cyclones, by January 1, 1997,
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and the affected units must be in compliance by 2000.°% Also by
1997, the EPA will determine if more stringent emission limits
should be established based on technology developments for
dry-bottom wall-fired boilers or tangential-fired Phase II units.

Particulate control devices may also need to be upgraded at
individual utility units to account for the different ash
qualities of any new coal being utilized to comply with
S0, requirements or to account for installation of low-NO,
burners. In late 1993, the Utility Data Institute (UDI)
conducted a particulate control equipment survey to identify
those utility facilities that were either in the process of
upgrading their PM removal equipment or had definite plans to do
so in the near future.®® The survey was mailed to 286 utilities
and received a 68 percent response. No information was received
for 831 units; 1,215 units indicated that no PM control eguipment
modifications were planned. Modification plans were received for
132 units. The data received were analyzed for any potential
impact on HAP emissions.®® From the data, it appears that the
modifications are being made strictly to account for differences
in ash quality as coals are switched and not to effect an overall
increase in PM control efficiency. Therefore, for the 2010
scenario analysis, it has been assumed that no change in PM
control efficiency will occur since the actual reported values do
not vary significantly. In addition, this assumption will
account for any future degradation in PM control performance.

The validity of this assumption is borne out by indications that
some utility units are experiencing emissions increases (as
evidenced by continuous emission monitor excess emission reports)
following switches to lower sulfur coal and/or installation of
low-NO, burners.® It is not known how transient these excess
emissions will be.

2.8 DISCUSSION OF FEDERAL INTERAGENCY REVIEW COMMENTS

Previous drafts of chapters 1 through 10, along with the
appendices, were reviewed by numerous non-EPA scientists
representing industry, environmental groups, academia, and other
Federal Agencies during the summer of 1995. In February, April,
and September 1996, all sections of the draft report underwent
additional review by EPA, State and local agencies, and other
Federal agencies. The EPA has revised the report, as
appropriate, based on the reviewers' comments. The EPA revised
the report to incorporate the majority of the comments received.
However, there were several comments that could not be fully
addressed because of limitations in data, methods, and resources.
This section presents comments received by other Federal agencies
that could not be substantially addressed in this interim report.
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2.8.1 Comment

The Department of Energy (DOE) commented that “{olther 2010
utility industry scenario forecasts should be considered...” and
the utility industry scenario forecasts used by the EPA should be
compared to those of other groups (e.g., Edison Electric, EIA,
GRI, The WEFA Group, Data Resources, Inc., etc.).®

2.8.2 Response

The EPA added discussions of the uncertainties and
limitations to the approach used to estimate emissions for 2010.
Also, the EPA acknowledges that other methods and other
projections exist. However, the EPA did not evaluate or present
the alternative approaches or projections in this report. To the
extent feasible, the EPA plans to review other industry growth
scenarios and projections of what the industry will look like in
2010 before issuing the final report.

2.8.3 Comments

The DOE also commented that “...EPA has chosen to describe
utility sector emissions in a manner which misrepresents to
Congress both the present and the future emissions...and thus
overstates the argument for regulation.” In addition, the DOE
commented that the EPA had not captured “...the effects of fuel
switching, fuel cleaning, combustion controls, and
post-combustion controls implemented since [1991]” which have
reduced air toxics. This omission leads to an overestimate of
air toxic emissions.®®

Similarly, the Council of Economic Advisors (CEA) commented
on the EPA's growth estimates and noted that “[n]Jo justification
is provided...to explain the assumed lack of improvement in
either generating efficiency or abatement technology that would
make it possible to meet the increased demand for electricity
without causing as much pollution. In particular, the report
seems to underestimate the potential of biomass as fuel. The
predicted growth in demand for electricity for the 1990 to 1995
period exceeds actual industry experience, raising doubts about
the accuracy of the predicted growth in emission from 1990 to
2010. Also, the report does not adequately examine the
possibility of substituting demand side management for expansion
of output.” 7

2.8.4 Response

As noted in this chapter, the baseline was chosen to
characterize the industry as it stood, and to quantify the risk
to human health, as of 1990, the most recent year for which
facility data were available when the project started. This



approach is believed to be appropriate and consistent with the
mandate of section 112(n) (1) (A).

As to future emissions, the EPA has incorporated into its
2010 analysis those changes announced by utilities for compliance
with Title IV of the Act. The EPA is unaware of any significant
changes in the industry over the past 5 years (or planned for the
next 10 years) that would increase generating efficiency or HAP
emission removal efficiency to any great extent. The EPA notes
that fuel use has increased in the past 5 years which may have
had the effect of negating any potential HAP emission reductions
accruing from increased use of control devices. The use of the
control measures noted by the DOE and CEA have been addressed in
the interim report (see chapter 10) to the extent possible using
current information. Further analyses may be performed for the
final Report to Congress should additional data become available.

No change in a unit's combustion control efficiency was made
to account for increased use of NO, controls in 2010. Existing
data indicate that combustion controls would not significantly
affect HAP emissions. Where new controls for SO, were known to
be installed, these controls were employed in the 2010 analyses.
Where EPA has estimated the impact of new facilities, the
emission reductions are based on compliance with the new source
performance standards (NSPS) for both PM and SO, control.

Although the EPA believes its approach is reasonable, the
EPA also recognizes that there are uncertainties in the
assessments. The EPA intends to address these uncertainties and
consider the above comments, to the extent feasible and
appropriate, before issuing a final report. In addition, the EPA
intends to address other factors that may impact on emission
projections, including improvements in HAP emission removal by
FGD units and the impact of any actions taken under Title I of
the Act (e.g., any tightening of the NAAQS for PM) before issuing
a final report.
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3.0 EMISSION DATA GATHERING AND ANALYSIS
3.1 LITERATURE REVIEW AND BACKGROUND

Prior to the beginning of this study, the Agency conducted a
literature search of available nonradionuclide HAP emission and
control information and assessed the usefulness of these data.
Much of the data had been gathered over an extended time period
using a wide variety of dated, and sometimes ill-defined,
sampling and analytical techniques. Many of these techniques,
including the method for mercury, have since been replaced with
more accurate methods. The literature data exhibited extensive
variability in the reported concentrations of HAPs in emissions
(sometimes varying by several orders of magnitude). There was
often insufficient documentation of the technigues and
assumptions used to distinguish the reliable data from the
unreliable data.

In addition, many of these literature data were gathered at
laboratory or pilot-scale installations or from utility units
that did not reflect the configurations of the current utility
unit population. Again, there was often insufficient
documentation of the design parameters or process operating
conditions to assess the validity of the data or the impact of
the process operating conditions on the nonradionuclide
emissions.

Because of these deficiencies, the Agency was not able to
use the prior existing data (prior to 1990) in control strategy
analysis or to project the data for nationwide application in the
health hazard assessment. The EPRI and DOE conducted major test
programs during the period from 1990 to 1994 to obtain HAP data
from the utility industry and coordinated these programs and test
methodology processes with the EPA. These new data from field
testing became available for this report during 1993 and 1994.

To obtain the necessary nonradionuclide chemical HAP
emission test data, two avenues were followed. The first was to
pursue cooperation with industry and DOE test programs, and the
second involved Agency testing for HAP organics. The EPRI tested
emissions at locations of about 25 of their member companies for
approximately 25 of the 189 HAPs listed in section 112(b) of the
Act. Of these locations, test reports were available for 29
sites (and particulate control data for one additional site) in
time for inclusion in the health hazard assessment. These tests
encompassed coal-, oil-, and gas-fired boilers of several firing
types and emission control technologies. Emission test sites
were selected based on industry utilization (e.g., the largest
percentage of coal-fired units are dry bottom, use bituminous



coal, with ESPs for PM control). This approach allowed the
acquisition of data for the broadest spectrum of the utility
industry in the most cost-effective manner. Some of the EPRI
emission test sites were DOE Clean Coal Technology (CCT) sites,
which provided for the acquisition of HAP data before and after
installation of controls for NO,, an important element in the
acid rain program (under Title IV of the Act). This information
will be helpful in determining the implications of the acid rain
program on HAP emissions. In the test programs, samples were
collected before and after each emission control device when
feasible. The Northern States Power Company (NSPC) also provided
test reports from eight of its coal-fired plants for testing
performed from 1990 to 1992.

The DOE, through its Pittsburgh Energy Technology Center
(PETC), initiated contract activities in mid-1992 for a HAP
emission sampling program at eight coal-fired utility units. The
contracts were awarded in early 1993 and the sampling was
completed at seven sites over the period from June to December of
1993. The DOE program was similar in nature and scope to that of
EPRI, although the number of facilities evaluated was much
smaller under the DOE program. The timing of the DOE program was
such that the data were available concurrently with those from
the EPRI studies and could be analyzed for this report.

The EPA was involved with the design and test method
selection for both the EPRI and the DOE test programs. The
Agency also cofunded a field validation of several mercury
emission test methods at a coal-fired utility boiler with EPRI,
including those methods that measure the various species of
mercury that may be emitted from a utility boiler.?

For the EPRI program, the Agency independently developed a.
matrix of the industry and established that the types of plants
selected for the EPRI program were the same types that would have
been selected for an EPA emission test program. For the DOE
program, the Agency had the opportunity to provide input into the
type of plants that should be selected. All emission test
reports from both programs, and from individual company tests,
were reviewed by the EPA for completeness, adherence to accepted
sampling and analytical techniques, and proper unit operations
(typical information missing from the existing literature-based
database). The Agency provided support for the onsite quality
assurance/quality control activities performed during the DOE
program.

The EPA also completed the initial development of the
Fourier transform infrared spectrometry (FTIR) field testing
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system and system validation for real-time, simultaneous
measurement of approximately 120 gaseous organic HAPs.

Validation tests for the FTIR at a coal-fired unit were conducted
in February 1993.? The FTIR system was utilized in emission
testing by the EPA at five utility sites. The FTIR system is a
lower-ceost and much more flexible measurement technology than
those currently available for sources of organic HAPs. To
examine the magnitude of HAP emissions from utility units, the
EPA conducted emissions testing with FTIR as a screening level
analysis. Since few HAPs were detected with FTIR testing at
these five utility sites, the EPA decided not to use the FTIR
test results to estimate HAP emissions from utility units at this
time.

For inclusion in this report, a total of 52 tests were
conducted at 48 sites using FTIR and conventional sampling and
analysis methods from the EPRI, the DOE, the NSPC, and the EPA.
Although 52 test reports were received by EPA in time for
inclusion in this study, 3 contained data that could not be used
in the emission factor program (EFP) described in section 3.4.
These reports were excluded because measurements were not made
between the boiler and the PM control device. This exclusion
resulted in a test containing only a fuel analysis and stack
emission numbers, which did not allow analysis of control system
effectiveness.

The data reliability and the precision and accuracy of the
sampling techniques were addressed by the individual test
contractors in their test reports. If a contractor had concerns
about the quality of the data or about the precision or accuracy
of a particular test sample, the EPA did not use the data in its
computations.

3.2 POLLUTANTS STUDIED

As many of the 189 HAPs listed in section 112(b) as possible
were included in this study. Table A-1 (Appendix A} lists the
HAPs that were detected at least once in the utility test data
(excluding FTIR-detected data), their estimated nationwide
emissions in 1990, and projected nationwide emissions for 2010.

The Agency’s Office of Radiation and Indoor Air (ORIA) has
completed a report on radionuclide emissions from the utility
industry. The results of this study, along with their impact on
public health, are included in chapter 9.



3.3 _DESCRIPTION OF EMISSION TEST PROGRAMS

At the beginning of this study, the utility industry was
characterized. Through the use of the EEI Power Statistics
Database (1991) from the UDI,?® a matrix was developed showing the
ranking of utility unit configurations from the most to the least
prevalent. Table B-1 (Appendix B) shows these unit
configurations down to a unit type that accounts for only 1.05
percent of the fossil-fuel-fired unit megawatts in the U.S. (plus
any additional unit types tested that were below this cutoff).
The matrix was then used as a guide to gather data on the largest
number of unit configurations possible with the available
resources by targeting the most prevalent unit types.

The emission test reports used in this study were produced
for various government agencies as well as for nongovernment and
industry groups (discussed above). Although various test
contractors performed this emission testing, certain specific
testing protocols were followed. Table B-2 (Appendix B) provides
a list of all the sites that were available for this report and
were tested under the DOE, the NSPC, the EPRI, and the EPA test
programs. The table also shows the type of fuel burned and the
emission controls applied to the boiler system. In some cases,
the controls are pilot-scale units applied to a slipstream from
the boiler flue gas system. The contractor who tested the boiler
and the date of the test report are also given.

3.4 DEVELOPMENT OF HAP EMISSION TOTALS

To estimate emissions of HAPs from fossil-fuel-fired
electric utility units (225 Mwe), the EPA developed the EFP.
This program incorporates unit configuration data from individual
units as well as emission testing data to compute estimated
emissions. An explanation of the program and several assumptions
about the data and how they were used are described here.

3.4.1 Program Operation

Emissions of HAPs considered in this study consist of two
types: trace elements and organic compounds. Trace elements
exist in the fuel when fired, while the organic HAPs are mostly
formed during combustion and postcombustion processes. Different
programming methods are required for handling the two types of
HAPs. Program diagrams for modeling trace element emissions are
shown in Figure 3-1 for coal and Figure 3-2 for oil and gas. The
two figures differ only in treatment of the fuel before trace
elements reach the boiler. Figure 3-3 shows the program diagrams
for modeling organic HAP emissions.
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Figure 3-1. Trace elements in coal.
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Figure 3-2. Trace elements in oil and natural gas.
*Taken from UDI/EE! data.
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Figure 3-3. Organic emissions.
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3.4.2 Data Sources

The EFP was built to accept data from two sources. The
first source of data is a data input file containing plant
configurations, unit fuel usage, and stack parameters. This
input file was based on UDI/EEI Power Statistics database (1991
edition). The UDI/EEI database is composed of responses from
electric utilities to the yearly updated DOE Energy Information
Administration (EIA) Form EIA-767.

The second data file is an emissions modification factor
database. This database contains information from emissions
tests conducted by EPRI, DOE, and the electric utility industry.

The program first searches the input file for the type of
fuel burned and the amount of fuel consumed per year in an
individual unit. If the fuel type is coal, the EFP then looks
for the coal's State of origin. Origin is important because the
trace elements in coal are addressed by coal type (bituminous,
subbituminous, and lignite) and State of origin in the U.S.
Geological Survey (USGS) database, which analyzed core and
channel samples (3,331 samples) of coal from the top 50 (1990 or
later) economically feasible coal seams in the U.S.

3.4.3 ' Operational Status of Boilers

The operational status of units was taken from the
UNIT_90.dbf file of the EEI/UDI Power Statistics database (1991
edition addressing 1990 data). Only units that were listed as
either operational or on standby were used in the EFP. It was
found that 151 units were listed as being on standby in the
EEI/UDI Power Statistics database but were actually on indefinite
standby and thus did not emit any HAPs. These units were
excluded from the nationwide emissions totals in Appendix A.

Only coal-fired, oil-fired, and natural gas-fired units were
included in the EFP. This decision was made because units using
these fuels make up an overwhelming majority of the
fossil-fuel-fired electric utility units with a capacity 225 MWe.

Anthracite was disregarded as a fuel because of the limited
number of units burning this type of coal.® Four units burning
anthracite coal were assigned to burn bituminous coal for program
computations.

Coal-fired boiler concentrations were modified for different
heating values, depending on the type of coal, before being
converted to a rate basis (kilograms per year [kg/yr] of
individual HAP). This procedure was necessary because different
coal ranks have different heating values. For example, it would
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require burning more lignite to achieve the same heat input to
the boiler as burning bituminous coal. These values were
determined as averages for each type of coal (see Table 3-1).°

The EEI/UDI database had a number of gaps in the fuel
consumption data. Some of these gaps were filled by data
supplied voluntarily by the industry. To address the remaining
gaps, the available data were plotted and point-slope equations
were fit to estimate fuel consumption.® These eguations involved
plotting nameplate megawatts (modified to take into account the
unit's capacity factor) against fuel usage. If the fuel usage
and the unit capacity factor in 1990 were not given, 1989 fuel
consumption data were used. If 1989 data were not available, the
geometric mean of the 1980-1988 EEI fuel consumption data was
used. When all other options had been tried unsuccessfully, an
average fuel consumption of units rated within #5 MW of the unit
with unknown fuel usage was used.

Utility units may burn coal that originated from several
States; however, in the EFP each coal-fired unit was assigned a
single State of coal origin.” The State of origin used in the
EFP was the State that contributed the highest percentage of the
unit’s coal.

3.4.4 Trace Element Concentration in Fuel

The USGS database contains concentrations of trace elements
in coal that were extracted from the ground but does not include
analyses of coal shipments. The concentrations of trace elements
in coal in the ground and in coal shipments to utilities may
differ because, in the process of preparing a coal shipment, some
of the mineral matter in coal may be removed. Since
approximately 77 percent of the eastern and midwestern bituminous
coal shipments are cleaned ® to meet customer specifications on
heat, ash, and sulfur content, a coal cleaning factor was applied
to most bituminous coals in the EFP.°

For a unit that burned bituminous coal, the kg/yr feed rate
of trace elements to the boiler was determined from the average
trace element concentration in the coal, a coal cleaning factor,
and the annual fuel consumption rate. No coal cleaning factors
were applied to lignite and subbituminous coals (see Equations
No. 1 and No. 2 in Table D-2, Appendix D).

Oil-fired organic HAP exit concentration calculations
included a 150,000-Btu/gallon (gal) heating value for oil. An
0il density of 8.2 1lb/gal was also used.

An emission rate for each organic HAP emitted from gas-fired
units was extracted from the test reports. There were only two



Table 3-1.

Average Higher Heating Values of Coal??

=====================?===-===============:==-===-====================================:========ﬂ
Fixed carbon Volatile matter limits, Calorific value limits,
limits, % (dry, % (dry, mineral- Btuflb (moist."
mineral-matter- matter-free basis) mineral-matter-free
free basis) basis)
Equal or Less Equal or Less Equat or Less
Agglomerating greater than greater than greater than
Class and group* character than than than Average
i Bituminous o ° .
1. Low-volatile bituminous commonly 78 86 14 22 — -
coal agglomerating®
2. Medium-volatile bituminous ‘ 69 78 22 31 — -
coal
3. High-volatile A bituminous “ - 69 31 — 14,0004 —_ 14,000
coal
4. High-volatile B bituminous . - —-— - - 13,000¢ 14,000 13,500
coal
5. High-volatile C bituminous . - - - - 11,5600 13,000 12,250
coal
High-volatile C bituminous agglomerating - - - - 10,500 11,500 11,000
coal
Average of Averages (Value used in EFP for bituminous coal) 12,688
11. Subbltuminous ’
1. Subbituminous A Coal nonagglomerating — - — —_— 10,500 11,500 11,000
2. Subbituminous B Coat - - - - 8,500 10,500 10,000
3. Subbituminous C Coa! . - — - - 8,300 8,500 8,900
Average of Averages (Value used in EFP for subbituminous coal) 8,967
. Lignitic
1. Lignite A nonagglomerating —_ - - o 6,300 8,300 7.300
2. Lignite B - - - - - — 6,300 6,300
Average of Averages {Value used in EFP for lignite coal) 6,800
P

This classification does not include a few coals, principally nonbanded varieties,

which have unusual physical and chemical properties and which come within the limits
of fixed carbon or calorific value for high-volatile and subbituminous ranks.
of these coals either contain less than 48 percent dry, mineral-matter-free fixed
carbon or have more than 15,500 moist, mineral-matter-free Btu per pound.

visible water on the surface of the coal.

All

Moist refers to coal containing its natural inherent moisture but not including

It is recognized that there may be nonagglomerating varieties in these groups of the

bituminous class, and there are notable exceptions in high-volatile C bituminous

group.

shall be classified by fixed carbon, regardless of calorific value.
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test reports that analyzed organic HAPs, and a geometric mean
emission rate of each observed organic HAP was used. This rate
in kilogram HAP/10° cubic feet was then multiplied by the unit’s
gas consumption to obtain a kilogram HAP/year stack emission rate
of each specific HAP.

3.4.5 HCl1l and HF Concentration in Fuel

To obtain hydrogen chloride (HCl) or hydrogen fluoride (HF)
emissions from the boiler, emission factors were derived by
performing mass balances for chloride and fluoride, then
converting these balances to the equivalent levels of HCl or HF
throughout the boiler system.!! For example, for each part per
million of chloride in the feed coal at one of the test sites,
0.61 1lb/h of HCl was found in the gas stream leaving the boiler
and 0.00145 1lb/h in the stack gas. Similarly for HF, the boiler
emissions were 0.56 1lb/h for each part per million of fluoride in
the coal and 0.00448 1lb/h in the stack. For ease of programming,
the HCl and HF emissions were addressed starting in the fuel.
This programming was done by multiplying the chloride and
fluoride concentrations in the fuel constituents by 0.61 or 0.56,
respectively. The resulting numbers allowed direct conversion
into boiler emissions that could be further modified for systems
with PM control or SO, control.

The chloride concentrations were not available for coals
from the following States: Alaska, Illinois, Indiana, Iowa,
Missouri, Utah, and Washington. Chloride concentrations were
assigned, as shown in Table 3-2, for coals originating from these
States.'?

3.4.6 Emission Modification Factors for Inorganic HAPs

To address the partitioning of the HAP stream through the
combustion and pollution control process, partitioning factors
known as emission modification factors (EMFs) were developed from
inorganic HAP testing data. The EMFs are fractions of the amount
of a HAP compound exiting a device (boiler or air pollution
control device [APCD]) divided by the amount of the same HAP
compound entering that device.® These EMFs were averaged by
taking the geometric mean of similar devices (e.g., all oil-fired
tangential boilers, all cold-side ESPs). Geometric means were
used because of the presence of outlying data points, the small
amount of data, and the general fit of the data to a log-normal
curve. These geometric means were then applied to the kg/yr feed
rates entering the boiler, the effect of which either reduced or
left unchanged the emissions that passed through them. Those
EMFs calculated as being greater than 1.0 (i.e., more material
exiting a device than entering it) are set to equal 1.0.
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Table 3-2. Assigned Chloride ppmw and HCl ppmw Concentrations in
coal, by State of Coal Origin 12

ctate ) ‘ “assi Assigned ppmw HC1
chloride to assigned HCl ppmw in coal
Alaska 54 x 0.61 = 32.9
Illinois 1,136 x 0.61 = 693.0 |
Indiana 1,033 x 0.61 = 630.0 |
Iowa 1,498 x 0.61 = 914.0 |
Missouri 1,701 x 0.61 = 1,038.0
Utah 220 x 0.61 = 134.0 “
Washington 104 x 0.61 = 63.0

Nearly all EMFs were computed from three data samples before
and three data samples after the particular device. When all six
data samples for a particular EMF computation were nondetects,
the EPA decided to disregard the EMF. As such, EMFs were
computed when there was at least one detected sample among the
six measured samples. Appendix D discusses in more detail the
methodology used to develop emission totals.

The EMFs were computed with data from different test reports
but for similar devices (i.e., cold-side ESPs, front-fired
boilers in oil-fired units). The data from coal-fired units were
not segregated by State of coal origin. The EMFs from devices
are segregated into only coal-, o0il-, or gas-fired bins.

The EFP itself uses EMFs to partition the emissions as they
proceed from the fuel through the unit to the stack exit as
follows. The average concentrations of metallic HAPs in an
individual fuel by State (based on USGS data) were multiplied by
the amount of fuel that the unit burned in 1990. After
accounting for variables such as coal cleaning (bituminous coal
only) and coal type (higher heating value), the emission
concentration of an inorganic HAP was thus converted into an
emission rate in kg/yr entering the boiler. The emission rate
entering the boiler was then modified by EMFs for the boiler,
particulate control device (when applicable), and the SO, control
device (when applicable).

As stated above, these geometric mean EMFs were then applied
to the fuel HAP concentration estimates and the kilogram/year
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fuel feed rates entering the boiler, the effect of which either
reduced or left unchanged the emissions that passed through it,
depending on the value of the EMF.

Appendix C contains all of the EMFs used to develop the unit
emission estimates for inorganic HAPs.

3.4.7 Organic and Mineral Acid HAPs

Organic and mineral acid HAP emissions were handled in one
of two ways. The first method was used only with HCl or HF
emissions. The numbers resulting from the method allowed direct
conversion into boiler emissions that could be further modified
for systems with PM control or SO, control.

Hydrochloric acid and HF EMFs for PM and SO, control devices
were developed with data from four test reports where contractors
conducted tests individually for HCl and chlorine as well as HF
and fluorine, before and after each control device. The rest of
the available reports showed tests only for chlorine and fluorine
and estimated the fractions that were HCl or HF. 1In developing
the HCl and HF EMFs for wet FGDs and dry scrubbers, the EPA
decided to address the effect of flue gas bypass. After
analyzing test data and having discussions with industry
representatives, it was decided to assume an industry average
flue gas bypass of 17 percent for wet FGDs and 14 percent for dry
scrubber systems. This assumption was used only in the
development of HCl and HF EMFs.'* Because each of the four test
sites was different than the others regarding SO, and PM control,
the emission factors for chlorine and fluorine were maintained
separately for the four system types rather than averaging them.

The second method of handling organic and mineral acid HAPs
was for organics. Because organic HAPs were not always tested . at
the entrance and exit of each control device in the emissions
testing, all organic HAP emissions were addressed by examining
the test data and determining the concentration of a particular
HAP exiting the stack. Organic HAP concentrations were obtained
from emission test reports.

If stack emission or APCD exit emission data were
unavailable or reported as nondetected, and, if at least
one-third of the data samples at the inlet of the APCD were
detected concentrations, EPA used organic emissions at the inlet
of the APCD and accounted for the effect of the APCD with EMFs.
For each individual organic HAP observed in testing, a median
concentration was obtained. This fuel-specific median
concentration was then individually multiplied by each utility
unit's fuel consumption. The result was a fuel-specific emission
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rate. for all organic HAPs that were observed at least once during
testing.

3.4.8 Model Estimates for the Year 2010

Emission estimates for 2010 were derived from the same basic
model described above. However, changes to input files were made
to accommodate expected changes in fuel usage (by fuel type),
generating capacity, and responses to Phases I and II of the 1990
amendments under Title IV. The details of these expected changes
are described in section 2.7.

3.5 SELECTED ESTIMATED NATIONWIDE HAP EMISSIONS

Based on the screening assessment presented in chapter 5, a
subset of HAPs was determined to be of potential concern to
public health and was, therefore, given a priority label for
further analysis. Table 3-3 presents estimated 1990 and 2010
nationwide emissions of this subset of HAPs from utility units
(see also Table A-1, Appendix A).

3.6 COMPARISON OF EFP ESTIMATES WITH TEST DATA

Comparisons were made between test data from 19 utility
boiler stacks and predicted emissions for the same plants using
the EFP.® Results suggest that the EFP performs as expected,
i.e., across a range of boilers and constituents the average of
the predicted values agrees well with the average of the reported
values. This close prediction occurs even with large differences
between predicted and reported values for individual boilers and
constituents.

For three elements and 19 boilers, the average of predicted
emissions (as represented by pounds emitted per trillion Btu) was
about 1 percent different from the average of reported values.
Averages for estimates of three individual elements were
different from the test values by +38, -28, and -6 percent. The
highest individual difference between predicted and reported
values was represented by a factor of 5,000.

Table 3-4 presents comparisons for the individual plants for
arsenic, chromium, and nickel. Averages for each element and for
the combination of all three elements are also given. The
reported values are ratios of EFP estimates to measured values in
terms of pounds of element emitted per trillion Btu heat input.
The test data represent only a few hours of operation at each
plant, while the EFP estimates are extrapoclated to annual
emissions. Plants 1 through 14 fire coal, plants 18 and 19 fire
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Table 3-4. Comparison of Utility Boiler Emissions from EFP
Estimates and from Tests?

Nickel EFP/ test

1 0.12 0.15 ~ 0.0030 |
2 0.26 0.11 0.27
3 1.25 0.35 0.08
4 1.41 1.19 1.30
5 7.67 1.76 0.79
6 0.99 0.25 0.37
7 1.54 0.59 0.79
8 0.16 1.12 7.33
9 0.0004 0.0040 0.0002
10 0.72 0.33 0.11
11 2.25 0.18 0.18
12 0.20 0.0042 0.0008
13 0.01 1.09 0.03
14 5.49 3.13 0.29
15 0.05 0.16 0.17
16 1.92 0.54 0.63
17 1.23 0.75 0.40
18 0.59 1.11 2.44
19 0.30 0.89 2.70

Average: EFP/test 1.38 0.72 0.94

Average for all
3 elgments 1.01

a

Values presented are the ratio of emission factor program estimates to
test data in terms of 1b/10%? Btu.



a combination of coal and petroleum coke, and plants 16 and 17
fire oil.

Possible reasons were examined for large differences between
projected and actual emissions. In the EFP, only one fuel was
assumed to be burned. However, some of the plants burned
combinations of coal and petroleum coke, but the EFP recognizes
only coal from one State. The petroleum coke used by one plant
had nickel concentrations that may be more than 100 times higher
than that found in the Montana coal used for that plant by the
EFP, and concentrations in ash on the order of 1,000 times higher
than that found in coal ash. In this case, the EFP
underpredicted actual nickel emissions by factors of up to 5,000
as mentioned above.

3.7 CHARACTERISTIC PLANT EMISSIONS

To give the reader a better grasp of the potential emissions
of selected HAPs from an individual utility unit, a set of
characteristic units was chosen (one for each fuel type). The
EFP and organic HAP stack emission factors were then used to
determine the units’ projected HAP emissions of concern
(according to the health hazard assessment).

In presenting the characteristic coal-fired unit, the EPA
looked for an existing utility unit that had the characteristics
of a typical coal-fired unit in the U.S. Once the specific plant
was chosen, its 1990 HAP emissions of concern (projected by the
EFP and organic HAP stack emission factors) were listed (see
Table 3-5).

The most important parameter of the characteristic oil and
gas-fired plants (see Tables 3-6 and 3-7) is their fuel
consumption, as there are usually no control devices to reduce
emissions. The fuel consumptions chosen are the averages of each
fuel type (o0il or gas).

The characteristic unit emissions in these three tables are
actually projected emission outputs from the EFP for three
existing units. They are chosen for having the most prevalent
fuel, boiler/furnace, and control device type in their fuel class
(coal, o0il, or gas). They are also chosen for having megawatt
capacities that are the average for their fuel class.

It should be noted, however, that characteristic emissions

are based on 1990 fuel consumption values, and the emission
testing (on which the EFP is based) was performed under
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essentially steady-state conditions (with little or no variation
from the baseline operating condition). Therefore, the
characteristic emissions are a snapshot in time. In reality,
emissions of HAPs are not constant, steady-state values, but
fluctuate with operating conditions as well as changes in fuel.

3.8 UNCERTAINTY ANALYSIS OF EMISSION FACTOR PROGRAM
In order to quantify the uncertainty in the EFP output, the
EFP was subjected to an uncertainty analysis using the

statistical method known as a Monte Carlo analysis. The results
of this analysis are presented in section 6-14.
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4.0 INTRODUCTION FOR THE HEALTH HAZARD RISK ANALYSIS
4.1 INTRODUCTION AND BACKGROUND

The EPA partially evaluated the potential hazards and risks
for the year 1990 and for the year 2010. A significant portion
of the analyses focuses on inhalation risks due to utility
emissions within a 50 km radius of each facility (i.e., local
analysis). The analyses of long-range transport or regional
analysis (i.e., emissions dispersion and exposure outside of 50
km) and multipathway assessment (e.g., risk due to ingestion and
dermal exposure) were limited, mostly qualitative, and considered
only a few pollutants. This situation does not necessarily mean
that inhalation exposure within 50 km is the most important route
of exposure. For some of the HAPs emitted from utilities (e.g.,
mercury and dioxins), noninhalation exposure through ingestion is
likely to be the dominant route of human exposure.!:?

The estimates of risks due to inhalation exposure presented
in this report are the incremental increased risks due to utility
emissions only. For the most part, this assessment does not
consider exposure to emissions from other sources and does not
consider background levels of the HAPs in the environment.
However, background concentrations were evaluated to a limited
extent and are discussed briefly in later sections of this
report.

This chapter begins with a summary of risk assessment
principles and guidelines as used by the EPA and discussions of
pertinent reports such as the NAS recent report Science and
Judgement in Risk Assessment® and the EPA Science Policy
Council's (SPC's) Guidance for Risk-Characterization.®
Section 4.2 presents the general approach and methods for this
health hazard risk assessment. Section 4.3 discusses health
effects data. Section 4.4 describes the methodology to the
inhalation exposure assessment, and section 4.5 describes the
methodology for estimating inhalation risks.

4.1.1 Principles of Risk Assessment

Risk assessment is a multidisciplinary evaluation of factual
information as a basis for estimating and evaluating the
potential health effects that individuals or populations may
experience as a result of exposure to hazardous substances. Risk
assessments typically involve both qualitative and guantitative
information.

Risk estimates describe the nature and likelihood of adverse
effects and the probabilities that these health effects will
occur in an exposed population. Numerical risk estimates can be
calculated for two categories of adverse health effects:



.® Risk of developing cancer

. The likelihood of developing adverse health effects
other than cancer (e.g., asthma).

To derive statements of risk or the likelihood of adverse
health effects, quantitative information on exposure is combined
with information on toxicity. This process is different for
carcinogens and noncarcinogens due to the underlying assumptions
that cancer is a nonthreshold phenomenon and that thresholds
exist for adverse health effects other than cancer
(i.e., noncancer effects).

In 1983, the National Academy of Sciences established a
framework to guide risk assessments by Federal agencies.® As
defined by the NAS, risk assessment consists of four steps:

Hazard assessment, or hazard identification
Dose-response assessment

Exposure assessment

Risk characterization.

Hazard identification is the review of relevant toxicologic,
biological, and chemical information to determine whether or not
a pollutant may cause adverse health effects. It is a
gualitative assessment of the potential of a pollutant to
increase the incidence of an adverse health effect if exposure to
the pollutant occurs.®’

Dose-response assessment defines the relationship between
the degree of exposure (or amount of dose) observed in animal or
human studies and the magnitude of the observed adverse health
effects. This usually includes a quantitative measure of adverse
health effects for a range of doses. For carcinogens, dose-
response data are used to calculate quantitative estimates of the
increased risk of developing cancer per unit of exposure (e.g.,
inhalation unit risk estimates [IUREs]). For noncarcinogens,
dose-response data are used to calculate "safe" levels (e.g.,
inhalation reference concentrations [RfCs]).

EXposure assessment estimates the extent of pollutant
exposure via various routes (e.g., oral, inhalation, dermal) to
individuals or populations. For air pollutants, this often
involves the application of exposure models.

Risk characterization is the integration of the hazard

identification, dose-response, and exposure assessments to
describe the nature, and often to estimate the magnitude, of the
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health risk in a given population.® The risk characterization
also includes a presentation of the qualitative and quantitative
uncertainties in the assessment.

Risk assessment should not be confused with risk management.
Risk management is the process of developing and weighing policy
options and selecting appropriate actions. Risk management
integrates the results of the risk assessment with other
information such as economic, engineering, political and social
factors and uses this integrated information to make policy and
regulatory decisions.

4.1.2 U.S. EPA Risk Assessment Guidelines

Several publications were used to establish the methods for
this risk assessment. The methods generally follow the risk
assessment guidelines published by the U.S. EPA in 1986.7 Other
sources consulted for preparation of this assessment are
discussed briefly below.

4.1.3 Risk Assessment Council (RAC) Guidance

The RAC of the EPA evaluated EPA risk assessment practices
in 1992 and recommended guidance on risk assessment focusing on
the risk assessment-risk management interface and risk
characterization.® Major elements relevant to this study are
summarized below:

. Complete presentation of risk is needed including
discussions of uncertainty and statements of confidence
about data and methods used. The assessment should
clearly identify all assumptions, their rationale, and
the effect of reasonable alternative assumptions on the
conclusions and estimates.

. Assessors should use consistent and comparable risk
descriptors. For example, assessments should include:
descriptions of risk to individuals and to populations,
presentations of central tendency and worst-case
portions of the range of risk, and, if feasible, highly
exposed or highly susceptible groups should be
identified.

4.1.4 NAS Report Science and Judgement in Risk Assessment

In 1994, the National Research Council (NRC) of the NAS
released a report Science and Judgement in Risk Assessment, which
contains a critique of existing EPA methods and several
recommendations for improvements.® A few of the recommendations
important for the utility assessment are described briefly here.




.The NRC stated that default options are a reasonable way to
deal with uncertainty about underlying mechanisms in selecting
methods and models. However, default options should be
explicitly identified, and the basis explained fully.

The NRC believes the EPA should undertake an iterative
approach to risk assessment. An iterative approach starts with
relatively inexpensive screening techniques to estimate chemicals
without health concerns followed by more resource-intensive
levels of data gathering and model application.

It is appropriate to use "bounding" estimates for screening
assessments to determine whether further levels of analysis are
necessary. For example, if there are no health impacts even in a
worst-case assumption scenario, then it may not be necessary or
desirable to proceed with further analysis.

4.1.5 8PC's Guidance for Risk Characterization
In 1995, the SPC of the EPA provided guidance for
characterizing risk.* A few points are briefly summarized here.

Risk assessors should be sensitive to distinctions between
risk assessment and risk management. Risk assessors are charged
with (1) generating a credible, objective, realistic, and
scientifically balanced analysis; (2) presenting information on
hazard, dose response, exposure, and risk; and (3) clearly
describing confidence, strengths, uncertainties, and assumptions.

The risk characterization should include qualitative and
quantitative descriptions of risk. Both high-end and central
tendency descriptors should be used to convey the variability in
risk levels experienced by different individuals in the
population. The assessment should identify and discuss important
strengths, limitations and uncertainties, and degree of
confidence in the estimates and conclusions. The assessment
should also include discussions of data quality and variability.

4.2 GENERAL APPROACH AND METHODS FOR THE UTILITY HEALTH HAZARD
RISK ASSESSMENT

Emissions of HAPs can be a threat to public health if
sufficient exposure occurs. For many HAPs, exposure through
inhalation is the major concern. However, humans can also be
exposed to HAPs via indirect pathways (multipathway) such as
through ingestion or dermal exposure to HAPs through other media
such as food, water, or soil that has been contaminated by the
deposition of the HAPs. Indirect exposure is primarily a concern
for HAPs that are persistent and bioaccumulate.
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_To assess the public health concerns due to emissions of
HAPs from utilities, the EPA conducted inhalation and
multipathway exposure and risk analyses. First, to be consistent
with the NAS recommendations, a screening assessment was
conducted on 67 HAPs potentially emitted from utilities to
determine priority HAPs. After the screening assessment was
completed, further analyses were conducted for the priority HAPs.
In addition to the inhalation risk assessment, the EPA conducted
a multipathway analysis of radionuclides, a long-range transport
modeling analysis for mercury and arsenic, and a limited
cqualitative assessment of the potential hazards due to
multipathway exposure to a few other persistent, bicaccumulative
HAPs.

Chapter 5 presents the screening assessment. Chapter 6
presents the inhalation risk assessment for 14 priority HAPs.
Chapter 7 presents an assessment of mercury. Chapter 8 presents
an evaluation for dioxins, lead, cadmium, and arsenic, and
chapter 9 presents the assessment for radionuclides.

4.3 HEALTH EFFECTS DATA: HAZARD IDENTIFICATION AND DOSE RESPONSE

Health effects data include qualitative and guantitative
data on hazard identification and dose response. These data are
closely related and evaluated concurrently in toxicologic
studies. Therefore, this section of the report includes summary
discussions of both. For detailed information .on health effects
data for seven of the priority HAPs emitted from utilities, the
reader is referred to Appendix E.

Most of the health effects data used were obtained from the
EPA's Integrated Risk Information System (IRIS). The IRIS is an
online database maintained by the EPA, containing chemical-
specific health risk information. The data provided in IRIS have
been reviewed by EPA work groups and represent Agency consensus.’
Primarily, EPA-verified risk values were used in this study.
However, for HAPs without IRIS data, health data from other
toxicologic data sources were utilized. If other data sources
were used, they are indicated by footnotes in tables or discussed
in the text.

4.3.1 Hazard Identification for Carcinogens

Animal and human cancer studies are evaluated to determine
the likelihood that a chemical causes cancer in humans. The
evidence for each of these is determined to be sufficient,
inadequate, or limited. Other types of experimental evidence
(e.g., in vitro genotoxicity studies) may be used to support the
epidemiological or animal biocassay results.”'® The EPA uses a

4-5



weight-of-evidence, three-step procedure to classify the
likelihood that the chemical causes cancer in humans. In the
first step, the evidence is characterized separately for human
studies and for animal studies. The human studies are examined
considering the validity and representativeness of the
populations studied, any possible confounding factors, and the
statistical significance of the results. The animal studies are
evaluated to decide whether biologically significant responses
have occurred and whether the responses are statistically
significant. Second, the human and animal evidence is combined
into an overall classification. In the third step, the
classification is adjusted upward or downward, based on an
analysis of other supporting evidence. Supporting evidence
includes structure-activity relationships (i.e., the structural
similarity of a chemical to another chemical with known
carcinogenic potential), studies on the metabolism and
pharmacokinetics of a chemical, and short-term genetic toxicity
tests.®? The result is that each chemical is placed into one of
the five categories listed in Table 4-1.

4.3.2 General Discussion of Dose Response
The NAS® defined dose-response assessment as:

“...the process of characterizing the
relation between dose of a chemical
administered or received and the incidence of
adverse health effects in exposed
populations and estimating the incidence of
the effect as a function of human exposure to
the agent. It takes account of intensity of
exposure, age pattern of exposure, and
possibly other variables that may affect
response, such as sex, lifestyle, and other
modifying factors.”

In general, as dose increases, so does the probability that
an adverse effect will occur. Critical to a dose-response
assessment is the basic assumption that thresholds exist for
particular compounds and particular health effects, and thus
doses below the threshold would not result in adverse effects.
Thresholds may exist if the body has the ability to detoxify or
compensate for exposures to pollutants or if multiple numbers of
cells perform the same function. When doses increase to the
point that the body can no longer accommodate or compensate for
the exposure to pollutants, adverse health effects can be
observed and the likelihood of effect increases with increased
dose. For "nonthreshold" toxicants, it is assumed that
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Table 4-1. Weight-of-Evidence (WOE) Classification

A Known Human Carcinogen
B1 Probable Human Carcinogen, Limited
Human Data Are Available

B2 Probable Human Carcinogen, Sufficient
Evidence in Animals and Inadequate or
No Evidence in Humans

C Possible Human Carcinogen
Not Classifiable as to Human
Carcinogenicity

E Evidence of Noncarcinogenicity for

Humans

there is no threshold concentration or dose below which health
effects do not appear and that any exposure means an increase in
risk.

The EPA assumes that cancer. is a nonthreshold disease, that
is, any exposure to a chemical carcinogen, no matter how low,
contributes to an increased lifetime probability (i.e., risk) of
developing cancer. In contrast, chemicals causing health effects
other than cancer are typically defined as having a threshold
exposure concentration or dose below which adverse health effects
are not expected to occur. The threshold concept influences the
way in which dose-response modeling or dose-response assessment
is done. Assessments of carcinogens and noncarcinogens are
conducted separately and are based on different assumptions and
methods. Information for carcinogens and noncarcinogens is
discussed separately in this section.

4.3.3 Dose-Response Evaluation for Carcinogens

For chemicals that have been classified as carcinogens
(WOE = A, B, or C), the dose-response data are evaluated, and, if
data are adegquate, then the EPA calculates gquantitative estimates
of the increased risk of developing cancer per unit of exposure.
For example, for air pollutants, an IURE is calculated. The IURE
for a pollutant is the estimated increased risk (upper limit
probability) of a person developing cancer from breathing air
containing a concentration of 1 microgram of the pollutant per
cubic meter (ug/m®) of air for a lifetime (70 years). The EPA

4-7



also. calculates oral unit risk estimates for assessing cancer
risks from ingestion exposure.®7:?

Since risks at low exposure levels cannot be measured
directly, a number of mathematical models have been developed to
extrapolate from high to low dose to calculate the unit risk
estimates. The linearized multistage model, which is the default
model generally used by the EPA, leads to a plausible upper limit
to the risk that is consistent with some proposed mechanisms of
carcinogenesis. The true risk is unlikely to exceed the value
predicted by the linear multistage model and may be lower; as low
as zero is a possibility.” For most HAPs included in this
assessment, the EPA has used the linear multistage low-dose
extrapolation model. However, there are a few important HAPs,
with WOE ratings of “A”, (e.g., chromium VI, arsenic) for which
the EPA used other linear extrapolation models. The IUREs for
these HAPs are also considered upper limit estimates of the risks
at low concentration because of the use of linear high- to
low-dose extrapolation and other factors. Table 5-1 presents a
summary of the EPA-verified cancer health effects data for HAPs
emitted from utilities. Table 5-1 also contains some health
effects data that are not EPA-verified.

The EPA assumes that, for carcinogenesis, no threshold for
dose-~response relationships exists or that, if one does exist, it
is very low and cannot be reliably identified. As a result, any
increase in dose is associated with an increase in risk of
developing cancer. Although a number of theories exist to
explain the process of carcinogenesis, the multistage process is
the most widely accepted. The multistage process consists of
three distinct stages: initiation, promotion, and progression.'!
One reason the multistage process is so well accepted is that it
has been demonstrated experimentally for a number of carcinogens
and has been shown to adequately describe carcinogenesis in the
cells of some animal tissues, including the skin, lung, liver,
and bladder.?* 1Individual carcinogens can affect one or more of
these stages.

The method for deriving IUREs based on animal data is
different than the method used for deriving IUREs based on human
data. When animal data are used, EPA typically determines the
95th percentile confidence limit of the dose-response curve, then
extrapolates linearly down to zero. When human data are used,
EPA typically determines the “maximum likelihood” estimate of the
dose-response curve, then extrapolates linearly down to zero.

There are factors involved with the human occupational data
that may result in high- or low-biasing effects, including
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uncertainties in the estimation of individual exposures and the

assumption that the susceptibility of the exposed workers in the
epidemiology studies is equivalent to the susceptibility of the

general population.

4.3.4 Long-term Noncancer Health Effects Data

Pollutants can cause a variety of noncancer effects
including neurological, reproductive, developmental, and
immunological toxicity. Noncancer effects can be reversible or
irreversible and can occur following acute (short-term) exposure
or chronic (long-term) exposure.®

Subchronic and chronic animal and human studies are
evaluated to determine potential adverse noncancer effects and
the estimated doses or exposure concentrations that cause those
effects. If data are sufficient, the EPA calculates an
inhalation RfC, which is an estimate (with uncertainty spanning
perhaps an order of magnitude) of the daily inhalation exposure
of the human population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious effects
during a lifetime. The RfC is derived based on the assumption
that thresholds exist for certain toxic effects such as cellular
necrosis but may not exist for other toxic effects such as
carcinogenicity. The RfC is calculated as follows: EPA reviews
many human and/or animal studies to determine the highest dose
level tested at which the critical adverse effect does not
occur—i.e., the no observed adverse effect level (NOAEL)—or the
lowest dose level at which the critical adverse effect is
observed, the lowest observed adverse effect level (LOAEL). The
NOAEL from an animal study is adjusted for exposure duration and
respiratory tract differences between animals and humans. EPA
then applies uncertainty factors to adjust for the uncertainties
in extrapolating from animal data to humans (10), and for
protecting sensitive subpopulations (10). Also, a modifying
factor is applied to reflect professional judgment of the entire
database. The inhalation RfC considers toxic effects for both
the respiratory system (portal-of-entry) and for effects
peripheral to the respiratory system (extrarespiratory effects).
Exposures below the RfC are not likely to be associated with
adverse noncancer health effects including respiratory,
neurologic, reproductive, developmental, and other effects. In
this report the RfC is expressed in micrograms of pollutant per
cubic meter of air (ug/m®). The EPA also calculates a similar
value, called the reference dose for assessing ingestion exposure
and risks. The RfD is expressed in units of
milligrams/kilograms/day (mg/kg/d). Doses below the RfD are not
expected to result in adverse noncancer health effects. The EPA
considers reproductive and developmental effects when
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establishing RfCs and RfDs. If data are absent, an uncertainty
factor is often added to adjust the RfC or RfD downward. Doses
or concentrations above the RfD or RfC do not necessarily
indicate that adverse health effects will occur.®!* As the
amount and frequency of exposures exceeding the RfC or RED
increases, the possible occurrence of adverse effects in the
human population also increases. When exceedances of the RID or
RfC are predicted, the data on exposure and health effects should
be evaluated further to determine the data quality,
uncertainties, degree of exceedance, and the likelihood,
frequency, and severity of potential adverse effects. Evaluating
this information helps to characterize the public health
concerns.

The EPA ranks each RfC as either low, medium, or high in
three areas: (1) confidence in the study on which the RfC was
based, (2) confidence in the database, and (3) overall confidence
in the RfC.¥'¥ mTable 5-2 presents the EPA-verified RfCs for HAPs
listed in chapter 3 and other health effects information.

4.3.5 Short-term Noncancer Health Effects Data

Short-term exposure to HAPs can also cause adverse noncancer
health effects. There are no EPA-verified acute health effects
benchmarks available for the priority HAPs. However, reference
exposure levels (RELs) for acute exposures were obtained from the
California Air Resources Board’'s Risk Assessment Guidelines for
the Hot Spots Program.'®

4.3.6 Summary of Health Effects Data Sources

As mentioned, IRIS was the primary source of information on
health effects. However, other sources were also consulted such
as the Toxicological Profiles published by the Agency for Toxic
Substances and Disease Registry (ATSDR), the monographs published
by the International Agency for Research on Cancer (IARC), and
various EPA documents.

4.4 METHODOLOGY FOR ESTIMATING INHALATION EXPOSURE FOR LOCAL
ANALYSIS

Exposure assessment is the determination or estimation
(qualitative or quantitative) of the magnitude, frequency,
duration, and route of exposure. An exposure assessment has four
major components: .

¢ Emissions characterization

e Environmental fate and transport
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_* Characterization of the study population

e Exposure calculation.

This section summarizes the local inhalation exposure assessment
approach including discussions of the Human Exposure Model (HEM),
data, default options, and limitations. The long-range transport
exposure analysis is explained in section 6.6.

4.4.1 Emissions Characterization

The emissions data gathered from 52 utility units (described
in chapter 3) were used as the basis for estimating emissions of
HAPs from 684 utility plants in the U.S. As described in
chapter 3, a computer program was developed to estimate emissions
from each utility unit based on boiler type, electric output,
fuel type, and APCDs. This resulted in average annual emissions
estimates for each HAP from all 684 utility plants.

4.4.2 Atmospheric Fate and Transport

To arrive at long-term (annual) average ambient air
concentrations within 50 km of the facility, air dispersion
modeling was conducted using the HEM, which utilizes the
Industrial Source Complex Long-Term, version 2 (ISCLT2)
dispersion model (see Appendix F for details). The ISCLT2 was
used to estimate atmospheric fate and transport of HAPs from the
point of emission to the location of exposure. The ISCLT2 uses
emissions source characterizations and meteorological data to
estimate the transport and dispersion of HAPs in the atmosphere
and to estimate the ambient HAP concentrations within 50 km of
each source (i.e., local analysis). Plant-specific parameters
needed for modeling (e.g., stack heights, stack temperature,
stack exit velocity, stack diameter, latitude, and longitude)
were obtained from the UDI/EEI database. Emissions estimates,
also needed as input to the model, were obtained from the
analysis described in chapter 3. Long-range transport (beyond 50
km) was also addressed and is described in chapters 6 and 7.

The ISCLTZ2 uses meteorological data in the form of stability
arrays, or STAR data summaries. The STAR summaries contain joint
frequencies of occurrence of windspeed, wind direction, and
atmospheric stability. These factors are combined into an
overall frequency distribution. The meteorological database is
based on hourly surface observations obtained mostly from the
Office of Air Quality Planning and Standard’'s (OAQPS's)
Technology Transfer Network (TTN). The TTN contains data files
of surface observations from National Weather Service locations
(primarily airports) across the U.S. and its Territories. The
STAR summaries combine several available years (typically 6
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years) into one long-term estimate of the location's dispersion
characteristics. 1In all cases, the meteorological data from the
site (out of a possible 349 sites) nearest each plant were used
in modeling each utility plant's emissions. In addition, there
are two smaller databases that provide average mixing height and
temperature by atmospheric stability class. Every STAR site has
a matching temperature database. However, the mixing height
database contains information for only 74 sites; although, as
with the STAR summaries, the nearest site is always selected.

4.4.3 Characterization of Study Population

Census data from 1990, which are the most current and
comprehensive data available, were used in estimating population
exposures. The data were available on the "block” level,
containing 6.9 million records. For each plant, all census
blocks within 50 km were identified and used to estimate local
exposure.

4.4.4 Exposure Calculations

Exposure is calculated by multiplying the population (i.e.,
number of people) by the estimated air concentration to which
that population is exposed. The HEM exposure algorithms pair the
air concentration estimates produced by ISCLT2 with the census
information contained in the population database.

Within the HEM, the ISCLT2 calculates air concentrations at
numerous grid points within 50 km of each source. For this
study, grid points were placed around the source along 16
radials, spaced every 22.5 degrees, at distances of 0.2, 0.5,

1.0, 2.0, 5.0, 10.0, 20.0, 30.0, 40.0, and 50.0 km from the
source, for a total of 160 grid points (which is the default
setting). Except for receptors that are very close to the stack,
HEM calculates the air concentration at the population centroid
(the population center of the census block) by interpolating
between the values at the receptors surrounding the centroid.
Exposures were calculated by multiplying the number of people
living within a census block and the modeled air concentration at
the centroid of the census block. When the population blocks are
within 0.5 km of the plant, the population is distributed to each
grid point within 0.5 km to more realistically account for actual
locations of people. (In this region, the areas associated with
census blocks are larger than the sections in the polar grid and
thus it is logical to spread people out by assigning people to
grid points rather than block centroids). Exposure is calculated
by multiplying the grid point concentrations by the number of
people assigned to the grid point. For a more detailed
description of the HEM, see Appendix F.



4.5 METHODOLOGY FOR ESTIMATING QUANTITATIVE INHALATION RISKS

Numerical estimates can be calculated for two categories of
adverse health effects:

. Risk of developing cancer
. Likelihood of noncancer health effects.

To derive statements of risk, quantitative information on
exposure was combined with information on dose response.

4.5.1 Estimating Cancer Inhalation Risks

For this analysis, the HEM calculated the cancer risk from
inhalation using standard EPA risk equations and assumptions.
The risk equation, which is a linear, nonthreshold model, defines
the exposure-response relationship. The estimate of the
inhalation exposure concentration (ng/m®) is multiplied by the
IURE to calculate risks for exposed persons who are assumed to be
exposed on average to the modeled ambient concentration of the
carcinogen for a lifetime. Risks are generally expressed as
either individual risk or population risk. By the nature of the
exposure and risk assessment models, the estimated risks are
expressions of the risks associated only with exposure to utility
emissions.

4.5.2 1Individual Risk

Individual risk is commonly used to express risk and is
defined as the increased probability that an exposed individual
would develop cancer following exposure to a pollutant.
Individual cancer risks can be calculated by multiplying the
estimated long-term ambient air concentration (pg/m®) of a HAP
(i.e., exposure estimate) by the IURE. The IURE generally
represents an upper bound estimate of the increased risk of
developing cancer for an individual exposed continuously for a
lifetime (70 years) to a specific concentration (e.g., 1 ng/m®)
of a pollutant in the air.

If the highest modeled ambient air concentration occurs in
an area (e.g., census block) where no people are known to reside,
it is assumed that, theoretically, a person could be exposed to
this concentration (e.g., someone could move to this location);
therefore, the EPA calculates an estimated risk assuming that
someone is exposed to the concentration. The risk calculated in
this situation is termed the MEI risk. Hence, the MEI risk is
the estimated risk to a theoretical individual exposed to the
highest estimated long-term ambient concentration associated with
an emission source. If the highest modeled ambient air
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concentration occurs in an area where people are known to reside,
the EPA again calculates an estimated risk. The risk calculated
in this situation is termed the Maximum Individual Risk (MIR)
risk. Hence, the MIR represents the increased cancer risk to an
individual exposed at the highest estimated long-term ambient
concentration in the area in which people are assumed to reside.
In this report, both the MEI risk and the MIR are calculated
assuming that a person is exposed to the modeled long-term
ambient pollutant concentration for a lifetime (i.e., 70 years).
By the nature of the assumption, the MEI estimates must be equal
to or greater than the MIR. For this study, the MEI and MIRs
were either the same or very similar. For oil-fired utilities,
the MEI and MIR were exactly the same because the highest
concentration occurred in an area where people are known to
reside. For coal-fired utilities, the MEI risk was slightly
higher than the MIR risk. For example, the MEI risk for arsenic
from coal-fired utilities was 3 x 10°%, and the MIR for arsenic
from coal-fired utilities was 2 x 10°S.

4.5.3 Population Cancer Risk

Population risk is an estimate that applies to the entire
population within the given area of analysis. Two population
risk descriptors are:

!

. The probabilistic number of health effects cases
estimated in the population of interest over a
specified time period (e.g., number of cancer cases per
year) or cancer incidence

. The percentage of the population, or the number of
persons, exposed above a specified level of lifetime
risk (e.g., 107%).

Each modeled ambient HAP concentration level is multiplied
by the estimated number of people exposed to that level and by
the IURE, providing an estimate of cancer incidence for a 70-year
lifetime exposure. These risk values are summed to give
aggregate risks for the population within the study area, i.e.,
the total estimated excess cancer cases in the exposed
population. This lifetime risk estimate is divided by 70 years
to calculate annual incidence in units of cancer cases per year.

4.5.4 Distribution of Individual Risk within a Population

The HEM estimates a distribution of individual risks
throughout the exposed population. The risk distribution
presents an estimate of the number of people exposed to various
levels of risk, e.g., the number of people who are exposed to
individual risk levels above 1077, 10°¢, 10°%, or 10°%.

4-14



4.5.5 Aggregate Inhalation Cancer Risk

The HEM calculates risk from individual HAPs and does not
calculate total risk for the mixture of pollutants from a single
source. To calculate total risks from the emissions of the
mixture of HAPs, the MIR and cancer incidence attributed to each
individual HAP was identified for each power plant. The MIR and
cancer incidence were then added across HAPs for each plant.
This addition is consistent with the EPA’‘s default procedure for
assessing mixtures.?® The highest total MIR across all plants
was identified and the total cancer incidence was summed across
all plants. Given the structure of the HEM output, it is not
possible to calculate total risk (summed across all carcinogens)
for the entire exposed population. Therefore, the population
distribution by total risk is not presented in this report.

4.5.6 Estimating Noncancer Inhalation Risks

The concepts of individual and population risks also apply
to noncancer risks. However, there are differences between how
cancer risks and noncancer risks are estimated. The noncancer
result is not a measure of risk, but rather indicates the
possibility for an adverse health effect. To assess potential
noncancer health effects, the EPA evaluated exposure to the
individuals predicted to receive the maximum modeled
concentration.

Unlike cancer risk characterization, noncancer risks are not
expressed as a probability of an individual suffering an adverse
effect. Instead, the potential for noncancer effects is
evaluated by comparing an exposure concentration over a specified
period of time (e.g., a lifetime) with a toxicity benchmark
called the inhalation REfC.

4.5.7 Inhalation Hazard Quotient (HQ)

The HQ, a ratio of exposure (E) to the RfC, is commonly
calculated. The HQ indicates whether the concentration or dose
to an individual has the potential to cause an adverse effect.
HQ values at or less than 1 imply that exposures are at or below
the RfC and not likely to cause adverse effects. An HQ value
exceeding 1 implies that the RfC is exceeded and the likelihood
of adverse effects increases as the amount and fregquency of

exposures exceeding the RfC increase.

In risk assessments in which RfCs are used and exposures are
approaching or exceeding the RfC, information about its
derivation, data, assumptions, and uncertainties should be
evaluated along with the HQ values to determine the concerns for
public health and likelihood for adverse effects. For example,
the critical health effect associated with the RfC, the type of
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epidemiologic or toxicologic studies considered, the degree of
exceedance, the uncertainty and modifying factors used in
deriving the RfC, and the uncertainties and degree of confidence
in the RfC should be evaluated to characterize the potential
concerns for public health.

4.5.8 Total Risk for Noncancer Effects

The Hazard Index (HI) is used to address total risks from
multiple chemicals and is the sum of HQ values for individual
pollutants to which an individual is exposed. As an initial
screen, the individual HQ values are added within a power plant
and the highest HI across all plants is identified. Similar to
the HQ, hazard indexes at or less than 1 indicate that adverse
noncancer health effects are not expected to occur. As the HI
increases, approaching or exceeding 1 (unity), concern for the
potential hazard of the chemical mixture increases. If the HI
exceeds unity, the mixture has exceeded the equivalent of the RfC
for the mixture. The HI should not be interpreted as a
probability of risk nor as a strict delineation of safe and
unsafe levels.”'V

The HI approach assumes that simultaneous exposures to
several chemicals (even at subthreshold levels) could, in
combination, result in an adverse health effect. Even if no
single compound exceeds its RfC, the HI for the overall mixture
may exceed 1. Should the HI exceed unity, the HI should be
reevaluated with HQ values summed only for noncarcinogens with
similar target organs based on U.S. EPA Risk Assessment
Guidelines’ and the assumption that each target organ has a
threshold that must be exceeded before adverse effects can occur
and that toxicity among target organs is independent. 1In
addition, the mixture of pollutants should be assessed for
potential synergistic or antagonistic effect if the HI is near or
at unity and if sufficient data are available. The EPA has
produced a database called Mixtox!® that contains information
regarding potential effects of mixtures of pollutants. If the HI
is at or near unity, then Mixtox can be used to evaluate the
mixture. For this study, only the maximum HI values associated
with a power plant were calculated.

4.5.9 Direct Inhalation Exposure and Risk Default Options

The EPA's risk assessment guidelines contain a number of
"default options." These options are used in the absence of
convincing scientific knowledge about which ones of several
competing models and theories are correct. Several of the
defaults are generally conservative (i.e., they represent a
choice that, although scientifically plausible given the existing
uncertainty, is more likely to result in overestimating rather
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than underestimating risk). However, some of the default options
are not necessarily conservative, and may actually lead to an
underestimate of the risks. A number of default options were
incorporated into the HEM inhalation exposure assessment. These
include:

] The HEM only estimates exposure within 50 km of each
plant. Exposure due to long-range transport is not
considered in the HEM analysis. (Long-range transport
is analyzed in section 6.6.)

. Dispersion occurs as predicted by a Gaussian plume
model in flat terrain.

o Exposure is based on centroids of census blocks since
locations of actual residences are not in the database.

. For MEIs and MIRs, people are assumed to reside at the
same location for their entire lifetimes (assumed to be
70 years)

. Indoor concentrations are assumed to be the same as

outdoor concentrations.

J The average lifetime exposure is based on all exposures
occurring at home; exposure due to movement between
home, school, work, etc., is assumed to be, on average,
equal to exposure at home.

. Utilities emit HAPs at rates predicted by the emissions
factor program described in chapter 3 at the same level
for a 70-year lifetime of exposure. Only stack
emissions were considered. Fugitive dust from coal
piles was not included.

. The HEM only estimates exposure due to direct
inhalation. The HEM does not estimate exposure from
indirect pathways (i.e., multipathway exposure).

. The population database is not adjusted for population
growth.

. Varying exposures as a result of differences such as
age, sex, health status, and activity are not
considered.

The impact of using these default values is evaluated in
sections 6.12 and 6.13 and Appendix G.
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5.0 . SCREENING RISK ASSESSMENT TO DETERMINE PRIORITY HAPS

The EPA conducted a screening assessment for the 67 HAPs
identified in the emissions database to determine priority HAPs
for further analyses. The HAPs were prioritized based on their
potential to pose hazards and risks through inhalation or
multipathway exposure.

5.1 MODELING DESCRIPTION

To screen for inhalation risks, the EPA conducted exposure
modeling, using the Human Exposure Model (HEM), to estimate
direct inhalation exposure within 50 km of each utility for 66 of
the 67 HAPs identified in the emissions database. Radionuclides
could not be modeled adequately using the HEM. Therefore,
radionuclides were screened based on previous studies conducted
in the 1980s.! The screening for radionuclides is discussed in
section 5.6. A general description of the HEM, input data, and
default options is presented in chapter 4. The HEM is also
described in detail in Appendix F.

Using the average annual emission estimates (discussed in
chapter 3) for each HAP for all 684 plants along with
site-specific parameters as input (e.g., location, stack height,
stack exit velocity, stack temperature, and population data), the
HEM was utilized to estimate inhalation exposures for the
maximally exposed individuals (MEIs). The exposure estimates
were then combined with health effects data to estimate risks due
to inhalation exposure for the MEIs. Based on these MEI risks,
priority HAPs were selected for inhalation risk assessment. As
described below, the screening for multipathway assessment was
based on factors such as persistence of the HAP, biocaccumulation
potential, and toxicity by ingestion exposure.

5.2 SCREENING CRITERIA

First, HAPs were screened based on cancer risk effects due
to inhalation exposure. The maximum modeled air concentrations
for each HAP were multiplied by the IUREs to estimate upper limit
increased lifetime cancer risks to the MEIs. If the highest MEI
risk was greater than 1 in 10 million (i.e., 1 x 1077), the HAP
was considered a priority for further analysis.

Second, HAPs were screened for noncancer effects due to
long-term (chronic) inhalation exposure. The maximum modeled air
concentrations were compared to RfCs. Hazard quotients (HQ) were
calculated by dividing the maximum modeled concentrations by the
RfCs. If the highest HQ was greater than 0.1, then the HAP was
considered a priority for further analysis.



.Third, in addition to the inhalation screening assessment,
HAPs were prioritized for potential multipathway exposure and
risks. The nonradionuclide HAPs were prioritized for
multipathway assessment based on persistence of the HAP, tendency
to bicaccumulate, toxicity by ingestion exposure route, and
quantity of emissions. This resulted in five nonradionuclide
HAPs being identified as a priority for multipathway assessment.

After HAPs were prioritized based on the above criteria,
additional HAPs were prioritized because of potential concerns
for noncancer effects due to short-term inhalation exposures.
Also, radionuclides were identified as a priority for
multipathway assessment based on results of previous studies.
The following sections present more details of each of the
screening analyses.

5.3 INHALATION SCREENING ASSESSMENT FOR COAL-FIRED UTILITIES

Emissions data were available for 66 nonradionuclide HAPs
from coal-fired utilities. Cancer and noncancer guantitative
health effects data were available from IRIS and various EPA
documents for 50 of the 66 nonradionuclide HAPs. Table 5-1
presents the results for HAPs that are considered carcinogens and
for which a quantitative cancer risk estimate was available.
Table 5-2 presents results for the noncancer screening assessment
using EPA-verified RfCs. Table 5-3 presents the HAPs for which
no EPA-approved quantitative health data were available for
assessment.

5.4 INHALATION SCREENING ASSESSMENT FOR OIL- AND GAS-FIRED
UTILITIES

Emissions data were available for 28 HAPs from oil-fired
utilities. EPA cancer and noncancer quantitative health effects
data were available for 22 of the 28 HAPs. Table 5-4 presents
the results for HAPs from oil-fired utilities that are considered
carcinogens and for which quantitative cancer risk estimates were
available. Table 5-5 presents results for the noncancer
screening assessment for HAPs from oil-fired utilities for which
EPA-approved RfCs were available. Table 5-6 presents HAPs from
oil-fired utilities for which no EPA-verified quantitative health
data were available for assessment.

For gas-fired utilities, emissions data were available for
14 HAPs. Table 5-7 presents the screening results for gas
utilities.



Table 5-1. Inhalation Screening Assessment for Carcinogenic HAPs
from Coal-Fired Utilities for Which Quantitative Cancer Risk
Estimates Were Available

Highest ME| ME!
conc.* cancer
Arsenic compounds . A 0.0043
Chromium (11 percent Vi)' 0.0023 A 0.0016' 4 x10° Lung Yes H
Beryllium 0.00025 B2 0.0024 6 x 107 Lung Yes “
Cadmium 0.00009 B2 0.0018 2x 107 Lung Yes
Nickel compounds® 0.0027 A® 0.00048 1 x 10% Lung & nasal Yes
Diexins” 2x10° B2 30.0" 7x10% | g, eosal, No F
liver
PAHs' 0.00002 B2 0.0021 4 x 10°® Lung (BAP) No
Naphthalene 0.00009 C 4 x10° 4 x 107 No
Hexaclorobenzene 9 x 10°® B2 0.00046 4 x 10° NA No
Carbon tetrachloride 0.00038 B2 0.000015 |} 6 x 10° Liver No
Quinoling’ 0.000006 c 0.003% 2x10°® NA No
Vinylidene chloride 0.0011 [ 5x 10° 6 x 10% No
Formaldehyde 0.00047 B1 1x10% 6x 10° Nasal, lung No
n-Nitrosodimethylamine* 0.00008 B1 0.014 1 x 10° | Liver & other Yes*
1,1,2-Trichloroethane 0.00054 C 2x10° 9x 10° NA No
Acetaldehyde 0.00078 B2 2x10% | 2x10° | (o No
Benzene 0.00029 A 8 x 10° 2x10° Leukemia No
Benzy! chloride 6 x 107 B2 5x 10% 3x 10" NA No
Bis{2-e-h)phthalate’ 0.00047 B2 4 x 10! 2x10° NA No
Bromoform 0.00077 B2 1 x 10® 9 x 10 NA No
Chloroform 0.00037 B2 2x10% | 9x10° | Kdneve No
Ethylene dichloride 0.00036 82 3x10° 9x 10° No
Isophorone 0.003 C 3x 107! 9x 107" No
Methy! chloride’ 0.0007 Cc 2 x 10%! 1x 10? Kidney No
Methylene chioride 0.0015 B2 5x 107 7 x 1070 | Liver & lung No




Table 5-1. (continued)

Highest MEI

conc.'
Hazardous air pollutant {ug/m?)
Trichloroethylené ; | Lung, liver,

Y 0.00036 | B2/c | 2x10% | ex100 | Lng e No
Pentachloropheno _ 1x10¢ B2 3x10° 3x1i0" NA No “
Tetrachloroethylenée 0.00036 B2/C 6 x 1071 2x 107 Liver No Il

b

NA = Not available.

a This is the highest estimated ambient concentration (annual average) due to emissions from the one highest risk coal-fired utility based on
HEM modeling of alt coal-fired utilities in the U.S. The MEl = the Maximally Exposed individual.

b WOE = Weight of evidence, for carcinogenicity. See section 4.3.1 and Table 4-1. for explanation of WOE.

c IURE = inhalation Unit Risk Estimate. The IURE is the estimated increased risk of cancer from breathing 1 ug of pollutant per cubic meter
of air for 70 years. The IUREs were obtained from EPA's integrated Risk Information System (IRIS),? uniess indicated otherwise by
footnotes.

d  This is the estimated increased lifetime cancer risk to the highest MEI due to inhalation exposure.

e This column presents the type of cancer observed in experimental amimal studies or human studies. For more details see Appendix E
and/or various references.

f For coal-fired utilities it is assumed that 11 percent of chromium is chromium VI and that the remainder is chromium Ill. For oii-fired
utilities it is assumed that 18 percent of chromium is chromium V1. This is based on the limited speciation data described in Appendix H.
it is assumed that the carcinogenic effects are caused only by the Cr VI fraction. The IURE was calculated by multiplying the IURE on IRIS
for Cr VI (1.2 x 103 by 0.11 {11 percent).

g For this screening assessment all nicke! was assumed to be as carcinogenic as nickel subsuifide. This assumption is considered an "upper
bound™ conservative assumption. Nickel risk uncertainty issues are discussed more thoroughly in Chapter 6.

h The emissions were estimated using the toxic equivaiency (TEQ) approach described in the draft EPA Dioxmn Reassessment Report.®
Exposure was estimated by modeling the TEQ emissions with HEM. The IURE is for 2,3,7,8-tetrachlorodibenzodioxin (TCDD) and was
obtained from the draft EPA Dioxin Reassessment Report.

i To estmate the potential nsk from polycyclic aromatic hydrocarbon (PAH) emissions, first the EPA summed the emissions of the 7 PAHs
that are classified as B2 carcinogens (WOE = B2).* (These are listed in Appendix H). Second, exposure was estimated by using the HEM
and modeling the sum of the 7 PAHs. Third, the estimated exposure to the 7 B2 PAHs were multiplied by the IURE for benzofalpyrene
(BAP) (2.1 x 10°). Howaever, this IURE has not been verified by the EPA and has not been peer reviewed. lt is an interim value with
significant uncertainties and is intended for screening assessment only. This IURE was calculated by converting the oral unit risk estimate
of 2.1 x 10 per ug/L to inhalation units.® The conversion assumes equal absorption and metabolism and assumes equal nsk from the
different routes of exposure, which may not be the case.

i The IUREs for these HAPs are not EPA-verified and are intended for screening assessment only. Readers must exercise caution interpreting
the results using these numbers. These IUREs were obtained from Documentation of De Minimis Emission Rates - Proposed 40 CFR Part
63, Subpart B, Background Document.® This document was deveioped to support the proposed rulemaking pursuant to 112(g) of the
Clean Air Act (Federal Register, Volume 59, No. 63, April 1, 1994). There are significant uncertainties associated with these IUREs. They
are not EPA-verified. They are interim screening values intended for the screening assessment only. For further discussion of the health
data and uncertainties, see the de minimis document cited above.

k The risk estimate for n-nitrosodimethylamine is highly suspect and uncertain because the emissions estimates were based on one measured
value and several nondetect vaiues.
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Table 5-2. 1Inhalation Screening Assessment for Noncancer Effects
of HAPs Emitted From Coal-Fired Utilities for Which Inhalation
Reference Concentrations Are Available

Highest

Noncancer health ME!*

RfC** | effect on which { Confidence® conc.
Hazardous air pollutant | (ug/ma) RfC is basedn.c din RfC (ug/m?)

low 3x10°

2-Chloro-Acetophenone} 0.03 resp. epith. in rats

Metaplasia and

Acrolein 0.02 | inflammaton rat nasal med 4 x10* 0.02 No
epithel,

Cumene" 9.0" - NA 0.00003 3x10° No

Ethy! benzene 1000 | Developmental effects low 0.00005 5x 10 No

Ethyl chloride 10000 | Delavec feta med 0.0003 | 2x10°® No

Hexane 200 [ CNS & nasal epith. med 0.00009 { &x 10% No

lesions humans

Hyperplasia of nasal

Hydrogen chloride 20 mucosa & larynx in low 2.3 0.115 Yes
rats
. CNS symptoms and
Hydrogen cyanide 3.0 thyroid etfects low 0.0033 0.001 No
> ]
Lead" 1.5 CNS & devel. humans NA 0.007 0.0057 No
Manganese 0.05 CNS, humans med 0.02 0.4 Yes
Mercury’ - - - 0.001 - No
. Lesions of olfactory . "
Methy! bromide 5.0 epithelium high 0.0001 2x 10° No
Methyl chloroform” 1000" | Hepatotoxicity NA 0.0004 4 x 107 No

Decreased fetal birth

Methy! ethyl ketone 1000 weight (mice) low 0.0009 9x 107 No

MTBE 3000 | o reiont irat) med 0.0002 | 7x10°® No

Styrene 1000 | CNS in humans med 0.00036 4 x 107 No
Neurological effects;

Toluene 400 degeneration of nasal med 0.0004 1x10° No
apithelium
Hypertrophy/hyperplas

1,3-Dichloropropene 20 ia of nasal respiratory high 0.00054 3x 108 No
epithelium

Vinyl acetate 200 | jasal epithelum high 0.00005 | 3 x 107 No

e — = = == S —

[See Footnotes on next page]



FOOTNOTES for Table 5-2

RfC = Inhalation reference concentration.
See chapter 4, Appendix E, and references for more information.

This is the critical adverse noncancer health effect that was observed in the animal or human studies.?®
CNS = central nervous system.

This is the overall confidence in the RfC as reported on IRIS.

ME! = Maximally Exposed Individual. This is the highest estimated ambient concentration {(annual
average) due to coal-fired utility emissions based on HEM modeling within 50 km of all coal-fired utilities in
the United States.

HQ = Hazard Quotient. The ratio of exposure concentration/RfC. An HQ < 1.0 indicates that no adverse
health effects are expected to occur {(see Chapter 4 for discussion of HQ).

If HQ > 0.1, this means that the highest modeled concentration is greater than 1/10 of the RfC. This
value (0.1) was used as criteria in screening assessment. This is not considered a level of concern, but
rather it is a conservative level to ensure that potentially important HAPs are not missed by screen. See
text for explanation.

The RfC was obtained from the 1992 EPA Health Effects Summary Tables. It has not been verified by the
EPA’s RfC/RfD workgroup.

There is no RfC available for lead compounds. Therefore, as a substitute, the lead National Ambient Air
Quality Standard’ (1.5 ug/m®) was used in this assessment. However, the lead NAAQS is not considered
equivalent to an "RfC." The lead NAAQS is based on a quarterly average, but the exposure estimates here
represent annual averages. The reader should exercise caution when interpreting the HQ for lead. Lead
has also been classified as a B2 carcinogen.?®

These compounds may also be a health concern from multipathway exposure. The assessment here

considers only inhalation exposure. Considering multipathway exposure may increase the risk estimates
for these poliutants. Multipathway screening assessment is presented in section 5.5.
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Table 5-3. Inhalation Screening Assessment for HAPS Emitted From
Coal-Fired Utilities for Which No EPA-Verified Health Benchmarks
Are Available. Comparison of Highest Modeled Air Concentration
to Various Non-EPA Health Benchmarks

NIOSH OSHA ACGH Highest
Hazardous air REL/420 PEL/420 TLV/420 | MEI conc. Maximum
pollutant {g/m?)* {ug/m?)® {ug/m?)* (ug/m3)® HQ Is the HQ > 0.1
Acetophenone NA NA NA 0.00008 NA NA
?g‘,ﬂg‘:u": A 1.2 1.2 1.2 0.0005 | 4x10 No
Carbon disuffide 7.1 29 74 0.0005 7x10° No
Chlorobenzene NA 833 830 0.00037 4 x 107 No
Cobalt compounds 0.12 0.12 0.12 0.0017 0.014 No
o & p-Cresols 24 52 0.0003 1x10°% No
Cumene 580 580 580 0.00003 3x10% No
Dibutyl phthalate 11.9 11.9 11.9 0.00033 3x10°% No
Hydrogen fluoride 6.0 6.0 6.0° 0.365 0.06 No
etherylate NA 980 980° | 0.00013 | 1x107 No
MIBK 490 980 490 0.00058 1x 10 No
Phenol 48 45 45¢ 7 x 10% 2x10°% No
Phthalic anhydride 14 14 14 6x 10* 4 x10° No
Phosphorus 0.24 0.24 0.0036 0.015 No
Propion-aldehyde NA NA NA 0.0012 NA NA
f::ggﬂ de 0.48 0.48 0.48° 0.0056 0.012 No
m,o,p-Xylenes 1000 1000 1000 0.0005 5x 107 No
2,4-Dinitrotoluene 3.6 3.6 0.36 1x10°® 3x10% No
Methyl iodide 24 67 29 0.00005 2x10°% No
* NIOSH = National Institute for Occupational Safety and Health, a U.S. government organization
that focuses on research.
OSHA = Occupational Safety and Health Agency, a U.S. Government Agency
ACGIH = American Conference of Government Industrial Hygienists, which is a professional

society, not a government agency.



FOOTNOTES for Table 5-3 (continued)
The NIOSH, OSHA, and ACGIH are primarily involved with the safety and health of workers.

REL = Recommended Exposure Levels are developed by NIOSH and are recommended levels to
protect workers.

TLV = Threshold Limit Values. The TLV are established by ACGIH and are used by industrial
hygienists in the work place to assess the potential concerns for worker exposure.

PEL = Permissible Exposure Levels, legal limits established by OSHA.

The RELs, PELs, and TLVs are relatively similar. Breathing concentrations below these levels are expected to
be reasonably protective of healthy workers, exposed for 8 hours per day, 5 days per week { ~40 hours).
However, there are uncertainties and often the data are less than complete. Also, for some of these values
{especially the PELs), measurement techniques and economic factors are sometimes factored in.89'°

The use of Occupational Exposure Limits (OELs) are being used in this study for screening assessment
purposes only. For this screening assessment, the REL, PEL, and TLV were divided by 420 (4.2 x 10 x 10).
The 4.2 is the conversion factor to extrapolate from 40 hr/week to 168 hr/week. A factor of 10 is used to
adjust for sensitive subpopulations. Another factor of 10 is used to account for additional uncertainties
associated with these values. A similar method was used by the California Air Resources Board (CARB) in the
Air Toxics "Hot Spots” Program.'' CARB also divides the TLV by 420 to calculate some of their noncancer
reference exposure levels (4.2 to account for exposure time adjustment, 10X to account for sensitive
individuals, and another 10X because health effects are sometimes observed at the TLV level).

b MEI=Maximally Exposed Individual. This is the highest estimated ambient concentration due to coal-fired
utility emissions based on HEM modeling within 50 km of all coal-fired utilities in the United States.

¢ These values are the same as the CARB Noncancer Reference Exposure Levels used in the "Hot Spots

Program"."'



Table 5-4.

From 0Oil-Fired Utilities for Which Quantitative Cancer Risk
Estimates Were Available

Inhalation Screening Assessment for Carcinogenic HAPS

Highest Cancer
MEI! conc. IURE? per |Cancer MEI| associated w/
{ug/m3?® ug/m® Risk® inhalation.*

Armc 0.0032 A 0.0043 1x10° Lung Yes
I Chromium (18 percent Cr VI)! 0.0025 A 0.0028°¢ 7 x10%® Lung Yes
| Beryllium 0.0003 B2 0.0024 | 7x107 Lung Yes

Cadmium 0.0009 B2 0.0018 2x10¢ Lung Yes

Nickel compounds?® 0.21 A? 0.00048 1% 10% Lung & nasal Yes

Dioxins” 4x10° B2 300 | 1x107 | oondee e gl Yes

PAHs' 0.00003 B2 0.0021 | 6 x 10® | Lung (BAP) No

Formaldehyde 0.007 B1 1.3x10°% 9 x10® | Nasal, lung No

Acetaldehyde 0.0019 B2 [2.2x10%| 4x10° ':‘;‘;i;e&al No

Benzene 0.0003 A 8.3 x 10%} 3 x10° Leukemia No

Methylene chloride 0.008 B2 4.7 x107| 4 x 10®° | Liver & lung No

Naphthalene 0.00008 C 4.2 x 108 3 x 107 -- No

Tetrachloroethylene 0.00013| B2/C |5.8x107{8x 10" Liver No

[SEE FOOTNOTES FOR Table 5-1]




Table 5-5. Inhalation Screening Assessment for Noncancer Effects
of HAPS Emitted from Oil-Fired Utilities for Which EPA-Verified
Inhalation Reference Concentrations Are Available

Overall
Hazardous air confidence Highest
pollutant in RfC* HQ*
Ethyl benzene 1000 Developmental effects Low 1x10* 1x 107 No
. Hyperplasia of nasal mucosa,
Hydrogen chloride 20 larynx, and trachea in rats Low 1.1 0.16 Yes
Lead' 1.5 Neurotoxicity and NA 0.005 | 0.003 No
developmental in humans
Manganese 0.05 | Neurobehavioral effects in Medium 0.002 0.04 No
humans
—i

Mercury - - - 0.00014 - No
Methyl h s ral h 6
chloroform® 1000 Hepatotoxicity' NA 0.0018 2x10 No
Toluene 400 Neurological effects Medium 0.002 5x 10% No
Vinyl acetate 200 Nasal lesions High 0.0012 6 x 10 No

[SEE FOOTNOTES FOR Table 5-2]

Table 5-6. Inhalation Screening Assessment for HAPS Emitted from
0Oil-Fired Utilities for Which No EPA-Verified Health Benchmarks
Are Available-Comparison of Highest Modeled Concentration to
Various Non-EPA Health Benchmarks

_ .
NIOSH OSHA ACGIH Highest
REL/420 PEL/420 TLV/420 MEI conc. Is Max HQ
Pollutant {ug/m3)® (ug/m3)® {ug/m?)P® {ug/m3)F Max HQ >0.1

—_—
Cobalt compounds 0.12 0.12 0.12 0.0096 0.08 No
Hydrogen fluoride 6.0 6.0 NA 0.03 0.005 No
Phenol 48 45 45 0.006 0.0001 No
Phosphorus 0.24 0.24 0.24 0.026 0.1° No
Selenium compounds 0.48 0.48 NA 0.001 0.002 No
m,o,p-Xylenes 1040 1040 1040 0.0005 5 x 107 No

[SEE FOOTNOTES FOR Table 5-3]
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Table 5-7. Inhalation Screening Assessment for HAPS Emitted from
Gas-Fired Utilities

Hazrdou ir Highest Ml

poliutant conc. (ug/m®) Highest HQ
Arsenic " 2x10° | 00043 | 1x107 | NA | NA
Nickel compounds® 0.0003 0.00048 2x107 NA NA
Naphthalene 0.0001 4 x 10 4 x 107 NA NA
Toluene 0.0018 NA NA 400 4.5x 10%
Lead 0.00006 NA NA 1.5 4 x10%
Formaldehyde 0.008 1.3x 10° 1x107 NA NA
Mercury 0.0000002 NA NA - -
Benzene 0.0003 8.3x 10°® 2x10° NA NA
Phosphorus 0.0002 NA NA 0.24° 0.0008
Cobalt 0.00002 NA NA 0.12* 0.0002

* These values are not RfCs. They are TLV/420. See Tables 5-3 and 5-6.

[SEE FOOTNOTES FOR TABLES 5-1 to 5-6]

5.5 MULTIPATHWAY SCREENING ANALYSIS FOR NONRADIONUCLIDE HAPS

5.5.1 Overview

In past years, most analyses of human health risk associated
with atmospheric emissions of nonradionuclide HAPs from
combustion sources have focused only on exposures occurring by
inhalation. The inhalation exposure pathway is generally the
significant pathway for human exposure to air pollutants. 1In the
past decade, though, studies have linked elevated levels of
pollutants in soils, lake sediments, and cow's milk to
atmospheric transport and deposition of pollutants from
combustion sources.?* Scientists have collected convincing
evidence showing that toxic chemicals released to air can travel
long distances and be deposited to land and water at locations
both near and far from their original emission sources.'® Many
studies indicate that deposition of atmospherically emitted
pollutants can result in indirect avenues of exposure for
humans.?* For some HAPs, these noninhdlation routes of exposure
can be as significant, or more significant, than inhalation.

Certain HAPs have been associated with significant adverse
effects on human health and wildlife from noninhalation exposure
pathways.? HAPs that pose a concern for noninhalation exposure
generqlly have common characteristics. They are persistent in
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the environment, have the potential to biocaccumulate, and exhibit
toxicity via ingestion. For lipophilic contaminants such as
dioxins, furans, polychlorinated biphenyls, and certain
pesticides and for metals such as lead and mercury, exposures
through food consumption have been demonstrated to be dominant
contributors to total dose for nonoccupationally exposed
populations.?® It is also likely that atmospheric pollution from
combustors and other thermal processes significantly contributes
to the ubiquitous presence of some of the highly persistent
lipophilic compounds.!®

Multipathway exposure to HAPs can potentially occur through
the following exposure routes:

~ Soil ingestion

~ Soil dermal contact

~ Water ingestion

~ Inhalation

-~ Fish and meat ingestion

Fruit ingestion

Vegetable ingestion

Ingestion of animal fats

Milk ingestion

Ingestion of other food products.

The following section presents the screening assessment to
prioritize the nonradionuclide HAPs for further analysis of
multipathway exposures and risks. Chapters 7 and 8 present the
multipathway assessments for the selected priority
nonradionuclide HAPs.

5.5.2 Prioritization of HAPs for Multipathway Exposure
Assessment

The 66 nonradionuclide HAPs potentially emitted by utilities
were evaluated for their potential to cause health effects
through noninhalation exposure pathways. To select the highest
priority HAPs for multipathway exposure assessment, a four-step
process was followed. This process involved assessing the HAPs
for their potential to be of concern for exposure through
noninhalation pathways, evaluating their toxicity, and
considering the emission levels from utilities. First, a subset
of HAPs was selected from the list of 66 nonradionuclide HAPs by
using the HAP ranking presented in Attachment A (draft Focus
Chemicals Report) of the EPA document, Schedule for Standards:
Methodology and Results for Ranking Source Categories Based on
Environmental Effects Data.® The four criteria evaluated and
used in this ranking were human toxicity, aquatic toxicity,
bioconcentration potential, and environmental persistence.
Environmental partitioning was not used as a ranking criterion
but was used as a “qualifying” criterion. The HAP ranking method
is a modified version of the Inerts Ranking Program (IRP)
methodology developed by EPA’s QOffice of Research and
Development, Environmental Research Laboratory - Duluth, for
evaluating pesticide ingredients. The IRP scoring method was
modified for scoring the environmental criteria and for
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determining overall scores for the HAPs. For the environmental
criteria modification, acute agquatic toxicity and chronic aquatic
toxicity were combined into a single aquatic toxicity criterion
that is based strictly on chronic toxicity data when such data
are available. Each criterion, except environmental persistence,
allowed a possible score of 0, 1, 2, or 3. A score of 0
indicates that no data are available, and scores of 1, 2, and 3
indicate low, medium, and high concern, respectively. For
environmental persistence, substances were assigned a score of 1
or 3 only, because data did not support finer discrimination.

The method for deriving the overall score was similar to that for
deriving the original IRP score. For each substance, the overall
score was derived by adding the scores for the four criteria,
dividing by the number of criteria for which there were data, and
then multiplying by 10 to produce an overall score on a scale of
10 to 30.

The HAP ranking in the Focus Chemicals report is a ranking
of all of the HAPs based on the overall score for each HAP. Of
the 66 HAPs potentially emitted to air by utilities, those that
ranked the highest, with overall ranking “scores” of greater than
23, were selected for further evaluation. The cutoff score of 23
was selected because, at this level and below, a HAP would have
scores of 1 or 2, indicating low and medium concern,
respectively, for at least two of the four criteria. Thirteen
HAPs were selected on these criteria. The high ranking reflects
that these 13 HAPs are more likely to be highly persistent in the
environment and/or to bicaccumulate, as well as to potentially be
toxic to humans. The 13 HAPs selected and their ranking “scores”
are listed in Table 5-8. This approach to ranking the HAPs is a
screening-level, hazard-based ranking of chemicals. This
approach yvielded a subset of 13 HAPs from which to select five
HAPs for further evaluation.

In the second step of the process, additional information
was gathered for each of the 13 selected HAPs to determine the
HAPs that are most important for multipathway assessment for the
utilities. Where available and applicable, the RfD, the oral
unit risk estimate (OURE), the EPA WOE classification, and the
emissions estimate were obtained for each of the 13 HAPs. This
information is presented in Table 5-9.

Several criteria were used to further prioritize HAPs for
multipathway exposure assessment. The six HAPs with the highest
noncancer toxicity (i.e., lowest RfDs [less than 1 x 10-3]1), as
well as the HAPs with EPA-verified OUREs and a WOE classifica-
tion of A or B, were selected. Also, due to their extremely



Table 5-8. Thirteen HAPs Selected from the Hazard-based
Multipathway Ranking (shown in order of ranking), and the
Overall and Individual Criterion Scores Assigned to Each

Bioconcentration persistence
2,3,7,8-TCDD (dioxins) 30 3 3 3 3
Cadmium compounds 30 3 3 3 3
Mercury compounds 30 3 3 3 3
Hexachlorobenzene 28.75 2.5 3 3 3
Selenium compounds 28.75 2.5 3 3 3
Lead compounds 27.5 3 3 2 3
Cobalt compounds 26.67 3 2 0 3
Pentachlorophenol 25 2 3 2 3
Arsenic compounds 25 3 2 2 3
POM (PAH) 25 3 3 3 1
Beryllium compounds 23.75 2.5 2 3 3
Cyanide compounds 23.75 2.5 3 3 1
Manganese compounds 23.75 1.5 2 3 3

PAH
POM

Polycyclic aromatic hydrocarbons.
Polycyclic organic matter.

high toxicity and the concern that they are “no threshold” or
extremely low threshold chemicals, 2,3,7,8-TCDD and lead
compounds were also included. Mercury was also selected because
mercury is persistent, tends to bicaccumulate, and is relatively
toxic by ingestion exposure. This second step in the
prioritization process resulted in eight HAPs being selected:
2,3,7,8-TCDD, lead, mercury, arsenic, cadmium, hexachlorobenzene,
beryllium, and particulate organic matter (POM). In the next
step in the selection process (the third step), emission
estimates from utilities were examined for each of the eight
HAPs. For two of the HAPs, POM and hexachlorobenzene, the
enmissions data for utilities did not support their inclusion in
further assessments. For hexachlorobenzene, emissions were not
considered high (0.7 ton/yr). Also, this estimate was highly
uncertain because of the very limited emissions data for
hexachlorobenzene. For POM, the emission levels of 1.9 ton/yr
from coal-fired utilities and less than 1 ton/yr for oil-fired
utilities are low relative to other anthropogenic sources of POM.
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Table 5-9.

Comparison of Cancer and Noncancer Effects Benchmarks
and Emissions Estimates for 13 Selected HAPs

Coal-fired - —I
emissions emissions
RfD OURE estimates® estimates®
{mg/kg/day) | (per IL) WOE (ton/yr) (tor)
NA 3x 10+ 1.5 x 10*
Lead compounds threggol g - B2 7.2 x 10*' 11
Mercury compounds - - - 5.1 x 10*? 0.3
Arsenic compounds® 3x10* 5.0x 10° A 5.4 x 10" 5
Cadmium compounds 5x 10* - B2 1.9 2
Hexachlorobenzene 8 x 10* 46x 10° B2 0.7 NA
Selenium compounds 5x 103 -- - 1.9 x 10*2 2
Beryllium compounds 5x10° 1.2x10% 82 6.6 0.5
Cyanide compounds 5x 103 - - 2.4 x 10*? NA
Manganese compounds 5x 10 - - 1.8 x 10*2 10
Pentachlorophenol! NA - B2 7.0x 102 NA
Cobalt compounds NA - - 2.1 x 10* 20
POM (PAH)* NA 2.1x 10" B2 1.9 <1

NA = not available.
PAH = Polyarometic hydrocarbons.
POM = Particulate organic matter.

This is an unverified oral unit risk estimate.?

The Agency has determined that some of the effects of lead, particularly changes in the levels of
certain blood enzymes and in aspects of children’s neurobehavioral development, may occur at
blood lead levels so low as to be essentially without a threshold.

POM emissions were estimated by summing the emissions estimates for each individual PAH
listed in Appendix H.

This is an estimate of total nationwide emissions from the source category.

RfD is for inorganic arsenic. There was not a clear consensus for developing this value. See the
IRIS database for details.
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For the final step, the two lowest-ranking of the six remaining
HAPs (cadmium and beryllium) were compared with each other in
terms of toxicity, emissions, and the original “ranking” scores
they were assigned. Cadmium was selected for further assessment,
rather than beryllium, because of its higher ranking scores for
human and aquatic toxicity and its lower RfD, representing higher
noncancer toxicity. This resulted in the selection of five
highest priority HAPs for multipathway exposure assessment. The
five HAPs selected to be highest priority for further analysis
were 2,3,7,8-TCDD, lead compounds, mercury compounds, arsenic
compounds, and cadmium compounds.

5.6 SELECTION OF HAPS FOR FURTHER ANALYSIS

In the initial phase of the screening assessment 12 HAPs
were selected as priority. Pollutants were selected as priority
in the initial phase if they met one of the following three
criteria: (1) the MEI inhalation cancer risk was estimated to be
greater than 1 in 10 million (i.e., 1 x 1077); (2) maximum '
inhalation exposure concentration is greater than one-tenth the
RfC (i.e., if the HQ was greater than 0.1); or (3) the emitted
HAP is persistent in the environment, tends to biocaccumulate, and
emissions are significant enough that there are potential
concerns for human health from multipathway exposure. The risk
levels chosen for the first two criteria (i.e., 1 x 1077 and
1/10 the RfC) are lower than levels that have been considered
historically as levels for regulatory and policy decisions (e.g.,
1 x 10°® for cancer and RfC for noncancer). These lower values
were chosen for screening purposes so that it is unlikely that
potentially important HAPs would not be identified by screen.
That is, these conservative levels were chosen to ensure that all
potentially important HAPs would pass the screen. The third
criterion was primarily chosen to identify HAPs that are
considered a potential concern from multipathway exposure. Based
on these three criteria, 12 HAPs (arsenic, beryllium, cadmium,
chromium, dioxin/furans, nickel, n-nitrosodimethylamine, hydrogen
chloride, manganese, lead, mercury, and formaldehyde) were chosen
to be priorities for further assessment.

Radionuclides were also chosen as a priority for
multipathway assessment because previous risk assessments
indicate that radionuclides from utilities could potentially
cause cancer risks greater than 1 x 10°® for MEIs.!’

In addition, three HAPs (HCl, HF, and acrolein) were chosen
as priority for assessment of potential noncancer effects due to
short-term (acute) exposures. The prioritization of HAPs for
short-term exposure analysis was based on review of health
effects data,?' ! emissions estimates, and recommendations from
the peer review panel. Hydrogen chloride, HF, and acrolein were
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the three HAPs considered to be of highest potential concern for
health effects due to short-term exposures. Table 5-10 presents
the 15 HAPs that were selected as priority based on the screening
assessment.

5.7 LIMITATIONS OF SCREENING ASSESSMENT

The HAPs that were not chosen for further analysis were
below the screening level and not considered priority for this
report. These HAPs are considered lower priority and less likely
to present significant risks to public health. However, due to
uncertainties and limitations in the data, it is not possible to
conclusively determine that they do not pose a threat to public
health. Although these HAPs are not analyzed further in this
report, it is possible that future data, such as revised
emissions data or new toxicologic data, could warrant further
evaluation of these HAPs in the future.



Table 5-10. Pollutants Considered Priority for Further Analysis

Based on Results of Screening Assessment

Priority for

Noncancer

MEI cancer Inhalation multi-pathway

risk > 10-7 | HQ > 0.1 assessment
Arsenic Yes Yes Yes Yes NA Yes
Beryllium Yes Yes No Yes NA No
Cadmium Yes Yes No Yes NA Yes
Chromium Yes Yes No Yes NA No
Dioxins/furans Yes Yes No Yes (oil) NA Yes
Nickel Yes Yes Yes Yes NA No
Radionuclides® Yes Yes Yes NA NA Yes®
n-Nitroso- Yes No No Yes NA No “
dimethylamine
Hydrogen chloride Yes Yes No No Yes No "
Hydrogen flouride® Yes Yes No No No No
Manganese Yes Yes No No Yes No 4’
Lead Yes Yes No No
Mercury Yes Yes No No
Formaldehyde No No Yes Yes (gas)

*  Acrolein and hydrogen fluoride did not pass screen based on RfC analysis. However, these two HAPs
were identified as priority because of potential concern for acute exposure.

radionuclides from utilities.’

Radionuclides were considered priority based on previous risk assessments conducted in the 1980s on
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6.0 INHALATION RISK ASSESSMENT

6.1 BASELINE ASSESSMENT OF INHALATION EXPOSURES AND RISKS FOR 14
PRIORITY POLLUTANTS

This chapter presents estimates of risks due to inhalation
exposure to 14 of the 15 priority HAPs identified in the
screening assessment (chapter 5). Radionuclides were the one
priority HAP not included in this chapter because the analysis
for radionuclides requires an air dispersion model that predicts
the impacts of the radioactive decay process. The radionuclide
analysis is presented in chapter 9. 1In the baseline assessment,
for the 14 priority HAPs, risks have been calculated using the
HEM for HAP emissions from all 684 utilities utilizing the
standard HEM default options and assumptions described in chapter
4. The HEM estimates ambient air concentrations within 50 km of
each utility. Therefore, the baseline risk estimates reflect
only inhalation exposure within 50 km of each utility (i.e.,
local analysis). In addition, the baseline risks do not account
for background levels, long-range transport, complex terrain,
indirect exposures, or overlapping plumes. These issues are
analyzed and discussed in later sections of the report.

Not incorporating the above factors may lead to
underestimating risks. However, there are several important
assumptions that were incorporated into the baseline assessment
that are generally conservative (i.e., more likely to
overestimate rather than underestimate risks). For example, the
baseline assessment assumes that MEIs are exposed to the modeled
concentrations for 70 years. Also, the cancer potency values
(i.e., IUREs) that were used in this assessment are considered
"upper limit" estimates.! These are just a few of the
assumptions and uncertainties associated with the baseline
assessment. Later sections describe many of the data inputs and
default assumptions and discuss various issues and uncertainties.

The HEM exposure modeling conducted for the screening
assessment (chapter 5) was very similar to the HEM exposure
modeling conducted for the baseline assessment (this section).
The same default options described in chapter 4 and same input
data were used. However, there is one important difference. For
the baseline assessment, a distinction was made between urban and
rural locations. 1If a utility plant is located in an urban area,
it was modeled using the urban mode (i.e., dispersion is assumed
to be characteristic of emissions emitted by a facility in an
urban location where there are buildings nearby). If a utility
plant is located in a rural location, it was modeled using the
rural mode (i.e., dispersion is assumed to be characteristic of a
facility located in a rural location). 1In the screening
assessment, all plants were modeled using the urban default



because using the urban default typically leads to more
conservative estimates of human exposures. However, using the
urban and rural distinction is believed to reflect more realistic
conditions; therefore, it was considered appropriate to use the
urban versus rural distinction in the baseline assessment, and in
subsequent HEM modeling analyses presented throughout chapter 6.
The urban and rural options (which differ in the assumptions for
surface roughness) and their impact on the risk estimates are
discussed in detail in section 6.2.

The uncertainty analysis (presented later) suggests that the
baseline risk estimates are generally conservative, but not
overly conservative. Therefore, the results presented in this
section (baseline risk estimates) are generally considered
reasonably high-end estimates of the risks due to inhalation
exposure of utility HAP emissions within 50 km of the utility
plants. This conservatism is considered appropriate given EPA’s
mandate of public health protection.

6.1.1 Baseline Inhalation Risks for Coal-Fired Utilities
for Priority HAPs

A total of 426 coal-fired units were modeled with the HEM
using 1990 emissions and population data. Two of the plants
resulted in individual risks less than 1 x 10° and were excluded
from the presentation of results, thus reducing the total number
of plants to 424. Table 6-1 summarizes the MEI risks, the number
of persons exposed above individual cancer risk levels of 1
chance in 1 million (i.e., 1 x 10°%), the number of plants whose
emissions result in those risk levels, and the maximum HQs.

6.1.1.1 Individual Cancer Risk. Table 6-1 presents the
estimated risks due to inhalation exposure within 50 km for each
HAP across all coal-fired plants. As stated previously, the MEI
is calculated based on the maximum modeled ambient concentration
even though a person may or may not reside in the vicinity of the
maximum concentration. The MEI risk was highest for arsenic (a
Class A, human carcinogen) at 3 x 10°® for the “highest-risk~”
coal-fired plant. The highest estimated MIR at a single plant
was 2 x 10°° for arsenic. Table 6-1 shows that arsenic emissions
from two plants resulted in MIRs greater than or equal to 107°.
The MIRs for the remaining 424 coal-fired plants were lower than
1 x 10°%. Figures 6-la and 6-1b show that most inhalation risks
were considerably lower than 1 x 10°°. The risk for chromium
assumes that 11 percent of total chromium is hexavalent chromium,
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Table 6-1. Summary of Baseline Risk Estimates from Chronic
Inhalation Exposure by HAP for 424 U.S. Coal-fired Utilities

Carcinogens Noncarcinogen
Population | # Plants
Highest MEI | with risk | with MIR | Cancer incidence
Pollutant cancer risk® > 10 > 10° {cases/yr)°
Arsenic
Beryllium 3 x107 0 0 0.004 NA |
Cadmium 2x107 0 0 0.0006 NA n
Chromium® 2 x10¢ 107 1 0.02 NA
Dioxin/Furans 5 x10°® 0 0 0.001 NA
Hydrogen Chloride NA NA NA NA 0.12
Lead NA NA NA NA 0.001
Manganese NA NA NA NA 0.046
Mercury NA 0 0 NA -
Nickel® 7 x107 0 0 0.005 NA
n-Nitrosodi- 8 x107 0 0 0.02 NA
methylamine ¢
Total 4 x106 NA 2 0.1 NA
me
HQ = Hazard quotient, the ratio of exposure concentration to the reference concentration (RfC). HQ values below 1 are
not expected to result in adverse effects.
MEl = Maximum exposed individual, which is calculated using the highest annual average concentration predicted with the
HEM. An individual may or may not be exposed at that point. This valie may be greater than the MIR.
MIR = Maximum individual risk is the highest risk identified at the centroid of a census tract to which a population is
assigned. See chapter 4 for description of MEI and MIR.
NA = Not available.
Total= Total MEI are the sum of MEI for individual HAPs within a plant. The total HQ (=HI) is the sum of the HQs within a
plant.

*Assumes that 11 percent of total chromium emitted is hexavalent chromium, the species of chromium responsibie for
carcinogenic potential. Trivalent chromium, which wouid also be present, is assumed not to have carcinogenic effects.

*The nickel emitted is a mixture of various nickel compounds such as soluble nickel. This analysis assumes that all nicke!
emitted has the same carcinogenic potency as nicke!l subsulfide.

“The cancer incidence could be up to roughly 7 times greater when considering the impacts of long-range transport {i.e.,
exposure outside of 50 km) from all coal-fired utilities combined. See section 6.8 for discussion of long-range transport.

“The risk assessments for n-nitrosodimethylamine are highly uncertain because of the very limited emissions data availabie for
n-nitrosodimethylamine. The emissions estimates were based on one measured data value and several nondetects. Therefore,
the risk estimates for n-nitrosodimethylamine are considered conservative and considerably uncertain.

*Of all 424 coal-fired plants modeled with the HEM, this is the estimated increased inhalation cancer risk for a person assumed
to be exposed for 70 years to the highest modeled HAP ambient air concentration around any of the 424 coai-fired plants.
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Figure 6-1a. Maximum Individual Risk Posed by HAPs Emitted from All U.S. Coal-Fired Electric Utilities
(Number of coal-fired plants posing various levels fo risk, by HAP)
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(a Class A, human carcinogen). The limited emissions speciation
data (described in Appendix H) found hexavalent chromium between
0.3 and 34 percent of total chromium. The average percent
chromium VI based on limited speciation data was 11 percent. The
other HAPs do not appear to make a significant contribution to
the MIR from coal-fired plants. Figures 6-la and 6-1b present
the distribution of plants at different MIR levels for the major
carcinogens. Arsenic and chromium are the major contributors of
inhalation cancer risks from coal-fired utilities. Of the 424
coal-fired plants, the median MIR is 2 x 10°® for arsenic and 2 x
10"° for chromium. The 90th percentile MIR of all 424 plants
modeled is 1 x 107 for arsenic and 4 x 10® for chromium (that
is, 10 percent of the plants have MIR levels above, and 90
percent of the plants have MIR levels below, these risk levels).

The total MIR due to inhalation exposure to the aggregate of
HAPs for each plant was calculated by summing the MIR for each
HAP for each plant. There are two coal-fired plants with total
MIRs greater than 1 x 10°. The highest total MIR for a single
coal-fired plant is 4 x 10°°. Of the 424 coal-fired plants
modeled, the median total MIR is 5 x 10°%, and the 90th
percentile is 2 x 107 (that is, 10 percent of plants pose an MIR
greater than 2 x 1077).

6.1.1.2 Population Cancer Risk. The population
distribution at various risk levels is shown in Table 6-2 for
each of the six major carcinogenic HAPs. As with the MIR,
arsenic and chromium are the major contributors. The number of
people estimated to be exposed to risks of 1 x 10°® or greater
from exposure to arsenic is 850 and from exposure to chromium is
about 107.

The HEM also calculated the annual incidence of cancer
expected for each of the HAPs due to inhalation exposure within
50 km. The total cancer incidence from the carcinogenic HAPs was
estimated, using the HEM, as 0.1l cancer case per year for
coal-fired plants. Arsenic and chromium are again the major
contributors and account for almost 90 percent of the estimated
cancer incidences.

6.1.1.3 Noncancer Risk. The maximum HQ estimated for
noncarcinogenic HAPs emitted from coal-fired power plants was
0.12 for HCl. The next highest was 0.046 for manganese. HQ
values for all other HAPs were at least an order of magnitude
lower. This assessment does not include background
concentrations due to other sources.




Table 6-2.

Summary of Population Exposed at Various Levels of
Inhalation Risk or Greater by HAP:

Coal-Fired Utilities

Dioxins/

0

1x10°% 852 107 0 0 0 0
5x 107 5,990 2,160 0 o 0 0
2.5x 107 88,800 8,630 947 0 0 0
1x 107 1,710,000 80,500 5,100 1.280 0 0

6.1.2 Baseline Inhalation Risks for 0Oil-fired Utilities

A total of 137 oil-fired plants were modeled using 1990 HAP
emissions and population data. The HEM estimated the individual
and population risks for each of the HAPs evaluated. Eight
plants had risks less than 1 x 10™° and were excluded from the
presentation. Table 6-3 presents the results.

6.1.2.1 Individual Cancer Risk. For oil-fired utilities,
the HEM predicts that people live in the location of highest
modeled ambient air concentration, therefore the MEI and the MIR
are equal. The maximum MEI/MIR estimated for a single
carcinogenic HAP across all plants was 9 x 10° from inhalation
of nickel compounds.

There are numerous uncertainties that are discussed and
analyzed in later sections, but the EPA believes that the
uncertainties associated with nickel speciation are worth
discussing here. There are substantial uncertainties associated
with nickel speciation. 1In this analysis, as a conservative
assumption, all nickel was assumed to be equipotent to nickel
subsulfide, which is a Class A human carcinogen and has the
highest cancer potency of all nickel compounds evaluated by the
EPA. The limited speciation data indicate that less than 10
percent of nickel emissions (from oil-fired utilities) are nickel
subsulfide (see appendix H). The remainder of the nickel is a
combination of various nickel compounds for which the EPA has not
vet determined the carcinogenic potential.” Many nickel compounds
are thought to have some carcinogenic potential via inhalation
exposure although the potency is not known. This issue is
discussed further in section 6.10.

6-7



Table 6-3. Summary of Baseline Risk Estimates from Inhalation
Exposure for Priority HAPs for 137 U.S. Oil-Fired Utilities

Carcinogens Noncarcinogen
. Population # Plants Cancer
Highest MElI | with risk with MIR | Incidence®
Pollutant Cancer Risk > 10° > 10° (cases/yr) MAX HQ

Arsenic 1x10% 2,400 2 0.04 NA
Beryllium 7 x107 0 0 0.002 NA
Cadmium 2 x10° 45 1 0.005 NA
Chromium® 5x10°® 2,300 1 0.02 NA
Dioxin/Furans 1 x 107 0 0 0.0007 NA
Hydrogen Chloride NA 0 0 NA 0.06
Lead NA 0 0 NA 0.004
Manganese NA 0 0 NA 0.04
Mercury NA 0 0 NA -
Nickel® 9 x 10% 1.65M 20 04 NA
Total 1x10* NA 22 0.5 NA

MEl = Maximum exposed individual, which is calculated using the highest concentration. An individual may or may not
be exposed at that point. This value may be greater than the MIR, which is caiculated at the centroid of a census
block.

Maximum individual risk is the highest risk identified at the centroid of a census tract to which a poputlation is
assigned. See chapter 4 for description of MIR and MEI.

Not available.

Hazard quotient, which is the ratio of exposure concentration to the reference concentration (RfC). HQ values
below 1 are not expected to result in adverse effects.

Total MEI is the sum of the MEI for individual HAPs within a plant. The total HQ (=HlI) is the sum of the HQs
within a plant.

MIR

NA
HQ

Total

: Assumes that 18 percent of total chromium emitted is hexavalent chromium, the species of chromium responsible for
carcinogenic potential. Trivalent chromium, which would also be present, is assumed to be noncarcinogenic.

® This analysis conservatively assumes that all nickel emitted from utilities has the same carcinogenic potency as nickel
subsulfide (the highest potency of nickel compounds tested). However, the nicke! emitted is a mixture of various
nickel compounds such as soluble nickel. Emissions tests indicate nickel subsulfide to be present as less than 10
percent of total nickel emitted. Many nickel compounds are thought to have carcinogenic potential although the
potency is not known. See section 6.10 for further discussion and analysis of nickel speciation uncertainty.

¢ The cancer incidence couid be up to roughly 7 times greater when considering the impacts of long-range transport (i.e.,
exposure outside of 50 km) from all utilities combined. See section 6.8 for discussion of long-range transport.



_Figures 6-2a and 6-2b show the distribution of plants at
different MIR levels for the major carcinogenic HAPs. The median
MIR across all plants is 2 x 1077 for nickel and 1 x 10°® for
arsenic. The 90th percentile for MIR among plants is 1 x 10°°
for nickel (that is, 90 percent of plants pose risks less than
1 x 10°° due to nickel emissions) and 1 x 107 for arsenic.

The total MIR was calculated for each facility by summing
the MIRs for individual HAPs. The highest total MIR from the sum
of risks for each carcinogen is 1 in 10,000 (1 x 107%) at only
one plant. The second and third highest-risk oil-fired plants
pose MEI inhalation risks of 3 x 10™° and 2 x 10°%, respectively.
The total MIR exceeded 1 x 10°° as a result of HAP emissions from
22 oil-fired plants. The median total MIR for all plants is
7 x 1077, and the 90th percentile is 4 x 10°°. However, these
estimates are considered conservative, high-end estimates because
they are mainly due to nickel emissions and the assumption that
the mix of nickel compounds is as carcinogenic as nickel
subsulfide (see section 6.10).

6.1.2.2 Population Risk. The population distribution at
various risk levels is shown in Table 6-4 for each of six
carcinogens. As with the MIR, nickel, arsenic, and chromium are
the major contributors to the total population exposed to risk
levels of 1 in 1,000,000 (1 x 10°%) or more. The number of
people estimated to have a risk from exposure greater than 1 x
107® is 1.65 million for nickel, and about 2,400 for arsenic and
chromium.

Incidences from each HAP were summed to estimate total
cancer incidence, which was estimated as 0.5 case per year from
these 137 oil-fired plants. Nickel accounts for over 86 percent
of the total annual incidence and arsenic contributes about
9 percent.

As with individual risk estimates for oil-fired plants,
there are significant uncertainties associated with these
population risk estimates because of the uncertainties associated
with nickel speciation.

6.1.2.3 Alternative Analysis for Estimating Population
Risks. Figure 6-3 summarizes the impact of using alternative
IURE values for nickel (as a percent of the nickel subsulfide
IURE) on annual cancer incidence. The estimated annual cancer
incidence due to oil-fired utilities would be 0.3 case per year
if the potency (IURE) of the mixture of nickel compounds emitted
from oil-fired utilities was about 50 percent nickel subsulfide,
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Figure 6-2a. Maximum Individual Risk Posed by HAPs Emitted from All U.S. Oil-Fired Electric Utilities
(Number of Oil-Fired Utilities Posing Various Levels of Risk, by HAP)
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Table 6-4.

Risk or Greater from Qil-Fired Utilities

Summary of Population Exposed at Various Levels of

Dioxins/
Nickel furans

89 0 0 0

2.5 x 10° 2,240 0 0 0 0 0

1x10°% 2,310 45 0 0 0 0

5 x 10 9,930 89 45 0 0 0

2.5 x 10° 100,000 2,280 89 0 0 0

1x 10% 1,650,000 2,370 2,280 45 0 0
5 x 107 7,460,000 32,600 2,280 89 45 0 ﬂ
2.5x 107 | 23,100,000 | 287,000 9,490 2,280 89 0 |

1x 107 73,300,000 | 2,140,000 | 257,000 3,040 2,280 45

Note: Double counting of population around facilities within 50 km of each other may occur. Exposed
individuals are included in the statistics for each plant within 50 km, presumably at different risk
levels. See Section 6.5 and Appendix F for further discussion of double counting and related issues.

about 0.15 case/yr if the IURE was 20 percent nickel subsulfide,
and about 0.1 case per year if the IURE was 10 percent nickel
subsulfide. Likewise, there would be changes in the risk levels
to which people were exposed. If the nickel mixture IURE were 50
percent as potent as nickel subsulfide about 100,000 people would
be exposed at an MIR > 10°. If the IURE were 20 percent nickel
subsulfide, about 9,930 persons would be exposed at an MIR >

10%. Nickel speciation uncertainty is discussed in more detail
in section 6.10.

6.1.2.4 Noncancer Risks Due to Chronic Exposures. The
highest HQ resulting from oil-fired utility emissions was
0.04 for manganese.

6.1.3 Baseline Risks from Gas-Fired Utilities

Risks were estimated from 267 gas-fired facilities.
Table 6-5 summarizes the results. The HAP emissions from only
one plant resulted in risks greater than 1 in 10 million (1077)
with 23 persons exposed above that level. For noncarcinogens,
the maximum HQ was 1 x 1077.
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Table 6-5.

Summary of Baseline Inhalation Risk for Gas-Fired

Utilities
Carcinogens Noncarcinogen
Population MIR # Plants MIR >
Pollutant MEI risk > 10°% 10 HQ,..

Arsenic 2x 107 0 o] NA

Lead NA NA NA 1x 107
Mercury NA NA NA NA
Nickel® 0 0

MEI

Maximum exposed individual, which is calculated using the highest annual average concentration. An

individual may or may not be exposed at that point. This value may be greater than the MIR, which is
calculated at the centroid of a census block.

MIR

population is assigned.

NA
HQ

o

Not available ‘
Hazard quotient, which is the ratio of exposure concentration to the reference concentration (RfC).

Maximum individual risk is the highest risk identified at the centroid of a census tract to which a

HQ values below 1 are not expected to result in adverse effects.

*The nickel emitted is a mixture of various nickel compounds such as soluble nickel. This analysis assumes
that all nickel emitted has the same carcinogenic potency as nickel subsulfide.

6.2 DISTINGUISHING BETWEEN URBAN VERSUS RURAL LOCATIONS

The HEM has two distinct modeling options

(urban or rural)

intended to simulate atmospheric dispersion behavior of gases via

different surface roughness.?

The urban option assumes that

there are buildings near the emission source and that turbulence
results because of these surfaces and other urban effects such as
heat transfer from buildings and roadways.

assumes that there are not any major buildings nearby,

The rural option
and

-therefore emissions dispersion plumes are not as turbulent.

Typically,

for tall stacks,
exposure concentrations,

populations.

In the screening assessment,

all modeling runs.
option on the risk assessment results, all of the priority HAPs
were modeled distinguishing between urban and rural locations.

As an option provided by the U.S. EPA Guidelines on Air Quality
Models (40 CFR, Appendix W to Part 51), it
21,000 people lived within a 3-km radius of the plant (i.e.,
750 people/km?), then the area was urban and was

density =

the urban option predicts higher

and therefore higher risks to nearby

modeled using the urban modeling option.

6-14

the urban option was used in
However, to assess the impact of this default

was assumed that, if

If less than 21,000



people lived within a 3-km radius, then the area was considered
rural and the rural modeling option was chosen.? Tables 6-6 and
6-7 present the results. There were some differences in
site~by-site estimates. As Tables 6-6 and 6-7 show, choosing the
default option versus a more refined selection of surface
roughness options has some impact on the overall results. There
were only slight changes in the results for oil-fired utilities.
Many oil-fired facilities were estimated to be located in urban
areas. The differences in the risk estimates from coal-fired
utilities were greater. Generally, risk estimates are lower when
urban and rural modeling distinctions are used.

The use of the refined analysis, whereby surface roughness
distinction was made for urban and rural locations, was
considered appropriate for the remainder of the inhalation
exposure modeling analyses since it is believed to more
realistically reflect the location of utilities and the impacts
of rural and urban conditions on the dispersion of pollutants.
Although the EPA believes using this distinction is appropriate,
there are still uncertainties and limitations to this approach,
which are discussed in later sections of this report.

6.3 INHALATION RISK ESTIMATES FOR THE YEAR 2010

The EPA analyzed potential inhalation risks from utility
emissions for the year 2010. This analysis was conducted to
estimate hazards and risks to public health after imposition of
the requirements of the Clean Air Act. The primary differences
between the 1990 and 2010 scenario are increased emissions from
coal-fired utilities and decreased emissions from oil-fired
utilities. Other predicted changes include the installation of
scrubbers for a small number of facilities, the closing of a few
facilities, and an increase in production of other facilities.
The details of the expected changes are explained in chapters 2
and 3. Similar to any analyses that predict future events,
significant uncertainties are associated with the method used for
projecting risks of HAP emissions to the year 2010. The method
used by EPA is considered reasonable given the available data.
The exposures and risks were estimated using the HEM, utilizing
the same modeling assumptions, defaults, and inputs used in the
1990 risk estimates, except that the emissions inputs were
changed to 2010 estimates. Instead of modeling all 15 priority
HAPs a second time, the EPA modeled a subset of HAPs that appear
to present the majority of the risks from utility emissions. The
analysis of this subset of priority HAPs provides information
regarding the anticipated potential public health risks for the
year 2010.



Table 6-6.

Comparison of Inhalation Cancer Risk Estimates Based

on (1) HEM Modeling Using Urban Default Assumption and (2) HEM
Modeling Using Urban vs. Rural Distinction

Rural vs. urban
Cancer Population® Cancer Population®
incidence with cancer incidence with cancer
HAP & fuel MEI risk | (cases/year) | risk> 10°€ MEI risk {cases/year) risk> 10
As, from Coal 6 x 10° 0.08 21,000 3x 10€ 0.05 850
Cr, Coal
{assuming 11% 3x10°® 0.03 890 2x 10° 0.02 110
Cr Vi)
Be, Coal 6x 107 0.006 0.0 3x 107 0.004 0.0
Cr, Oil (assuming & -
18% Cr VI) 5x 10 0.02 2,300 5x 10 0.02 2,300
Be, Oil 7 x 107 0.002 0.0 7 x 107 0.002 0
Cd, Oil 1.6 x 10° 0.007 45 1.6 x 10 0.005 45
Ni, Oil 9x 10° 0.5 2,300,000 9x 10° 0.4 1,600,000
As, Oil 1x10°% 0.05 4,600 1x 108 0.04 2,400

HAP = Hazardous air pollutant.

MEI = Maximum exposed individual.

* The number of people estimated to be exposed to ambient air concentrations causing an estimated
increased risk of cancer of 1 in 1 million or greater.

Table 6-7. Comparison of Inhalation Noncancer Risk Estimates
Based on (1) HEM Modeling Using Urban Default Assumption and
(2) HEM Modeling Using Urban vs. Rural Distinction

Selection of appropriate setting ( rural vs.

Urban default urban)

# People above an
HQ of 0.01

# people above an

HAP & Fuel HQ of 0.01

HC! from Coal 2.3/20 = 0.12 2.3/20 = 0.12 15,100

10.002/0.05 = 0.04 27,900

Mn from Coal

HAP = Hazardous air pollutant.
HQ = Hazard quotient.
MEI = Maximum exposed individual.



.The results (Tables 6-8 and 6-9) indicate that, based on the
expected changes between 1990 and the year 2010, the inhalation
risks from coal-fired utilities will not change substantially,
and the risks from oil-fired utilities will decrease by roughly a
factor of 2.

6.4 ASSESSMENT OF RISKS DUE TO SHORT-TERM EXPOSURE

The potential for exceeding short-term reference exposure
levels (RELs)® was evaluated for compounds emitted from coal- and
oil-fired utilities. The RELs (l-hour averages) are set to
prevent adverse acute responses in the exposed population. The
pollutants of highest concern were acrolein, HCl, and HF because
these pollutants are potentially emitted in significant
quantities and are toxic due to short-term (acute) exposures.
Although the Agency has not determined RELs for these compounds,
REL values were obtained from the California Air Pollution
Control Officers Association (CAPCOA) Air Toxics ‘'Hot Spots’
Program Risk Assessment Guidelines, October 1993.® The CAPCOA
RELs are listed in Table 6-10.

The utilities modeled included the coal-fired and the
oil-fired utility that presented the highest predicted long-term
concentrations as determined from the earlier HEM screening
analysis. 1In addition, the largest emitter of each compound from
a coal-fired and oil-~fired utility was modeled. Note that
acrolein was not detected in the emissions tests for oil-fired
utilities.

6.4.1 Methodology. The EPA used a short-term air
dispersion model that considers all reasonable meteorological
conditions (called TSCREEN) to estimate the maximum 1 hour
concentration of the three compounds in the vicinity of selected
coal- and oil-fired utilities. The TSCREEN provides estimates of
l-hour concentrations at various distances from the stack being
analyzed. The user specifies the minimum distance to the stack
at which concentrations will be predicted. For all utilities
modeled, 100 meters from the stack was selected.

The reported concentrations are the maximum predicted from a
range of atmospheric stability classes and windspeeds. The
modeler must also specify whether urban or rural meteorological
conditions exist at the utility site. - Urban was selected to
maximize the predicted concentrations.

Each of the selected plants emitted the HAPs from several
stacks at the site. Because the TSCREEN model can evaluate only



Table 6-8. Estimated Inhalation Cancer Risks for the Year 2010
Compared to 1990 for Coal- and Oil-fired Utilities

7 Cancer nsk 2010 Cancer nsk 1990
Cancer Cancer
incidence Population w/ incidence Population w/
(caseslyear) MIR > 10° MEI risk* | (cases/year) MIR > 10°
r As from Coal 0.051 3x10°
Be from Coal 3x107 | 0.004 0.0 3x107 | 0.0035 0o |
Cd from Coal 3x10® 0.0007 0.0 2x 107 0.0006 0.0
Crfrom Coal (1% | 4, 40¢ 0.021 399 2 x 10% 0.02 107
Crvi
Dioxins from Coal 2x10° 0.0012 0.0 5x 108 0.001 0.0
Ni from Coal 3x107 0.006 0.0 7 x 107 0.005 0.0
n-Nitroso-
dimethylamine 8 x 107 0.011 0.0 8x 107 0.016 0.0
from Coal
Crfrom Oil (18% | 3, 10¢ 0.008 89 5 x 10% 0.02 2,300
Cr Vi)
Be from Qil 4 x 107 0.0008 0.0 7 x 107 0.0017 0.0 q
Cd from Qil 8 x 107 0.0026 0.0 2x 10¢ 0.0053 45
Ni from Oil 5x10%® 0.2 240,000 1x10* 0.40 1,600,000
Dioxins from Qil 7 x 10® 0.0004 0.0 1x107 0.0007 ] 0.0
As from Qil 7 x 10¢ 0.026 2,300 1x10°% " 0.042 2,400
—

Note: The EPA used Urban vs. Rural modeling data distinction in this analysis.
* These MEI risk estimates are for the “highest risk” plant.

® This is the estimated cases of cancer predicted to occur in the U.S. due to emissions of this HAP from all
utilities of that fuel type based on the HEM analysis.

Table 6-9. Estimated Inhalation Noncancer Risks for Coal-fired
Utilities for the Year 2010 Compared to the Year 1990

2. 6 ug/m3 2 3 ug/m:‘

Manganese O 003 ug/m?® . 0 002 ug/m®



Table 6-10. Noncancer Reference Exposure Levels® (Acute) from
CAPCOA

Poliutant

Acrolein 2.5

Hydrochloric acid 3,000

one emission point at a time, some adjustments were required for
each utility's emission parameters. The concept was to select
one stack and one emission rate with one set of stack parameters
that would represent the multiple stacks and their corresponding
emissions and stack parameters. If the stacks at each utility
varied in height or other release characteristics (e.g., stack
temperature, stack gas exit velocity), emissions were assumed to
be emitted under conditions to maximize downwind concentrations:
from the shortest stack present, the lowest temperature among the
stack characteristics, and the lowest exit velocity (see Table
6-11). The emissions rate was calculated by summing the
emissions from each stack.

To illustrate this methodology, a sample utility is
presented in Table 6-12. The resulting inputs to the dispersion
model for this sample utility would have been one stack with a
stack height of 70 m, exit velocity of 12 m/s, and temperature
of 390 K. An average of the inside stack diameters for the four
stacks would be used (see Table 6-12).

6.4.2 Results

As shown in Table 6-13, for all scenarios and all pollutants
modeled, the predicted maximum concentrations were more than 100
times lower than the RELs. The emission rate used for each
compound represents an average. The analysis does not address
peak short-term emissions that may result from upsets or other
atypical operations. Peak emission episodes would reduce the gap
between predicted maximum concentrations and REL, but the peak
hourly emission rates are not expected to be 100-fold higher than
the average.

The TSCREEN can also incorporate terrain characteristics.
Terrain was not considered an important factor in the analysis
since the utilities that caused the highest individual risk in
the cancer analysis were located in relatively flat terrain. (The



Table 6-11. Sample Stack Parameters for Typical Utility Plant

“ Stack height {m) Exit velocity {m/s) Stack temperature (K)
75 15 400

1

Table 6-12. Stack and Emission Values Input to TSCREEN

Stack diameter Stack gas Emission rate

Stack gas exit

Poliutant Stack height (m) | wvelocity (m/s) {m) temperature (K) {g/s)

AL N ! SR W —— S .
HF 49 45.7 25 395 0.42 —“
HCI 49 47.5 25 395 9.07
Acrolein 49 45.7 25 395 0.01

OlL
HF 42 12.3 3.0 396 0.06
HCI 42 12.3 3.0 396 1.24

Table 6-13. Results of the TSCREEN Model

Coal-fired How much lower?
Reference maximum Qil-fired maximum
exposure levels predicted predicted AAC/Pred
(hourly avg concentration concentration
Pollutant ug/m®) {hourly avg ug/m®) |(hourly avg ug/m?) coal oil
Acrolein " not emitted 150
nHCl 3,000 21.5 5.5 140 1,200 "

Note: Since the largest emissions are generally associated with taller stacks, other analyses indicated that the
estimated concentrations were generaily a factor of 2 lower than that presented.
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effects of terrain are analyzed in Appendix G.) Although hilly
terrain can cause an estimated 15-fold higher predicted long-term
concentration than flat terrain, this increase would still not
result in exceedances of RELs for the three compounds.

6.5 OVERLAPPING PLUMES/DOUBLE COUNTING

In general, the default standard mode of operation for the
HEM is to evaluate exposure to each source, one at a time, out to
50 km from the plant. Each source’s exposure is independently
estimated, and detailed exposure estimates are not saved for the
next source’s exposure analysis. Summary information, such as
the total numbers of people who are exposed, is saved. Thus, if
two plants are located very close together, the HEM would
independently estimate the total number of people exposed to each
plant’s emission and sum the two totals even though the same
people are being exposed to both plant’s emissions. In this
mode, the HEM will most likely overestimate the number of people
who are exposed when two or more plants are within 50 km of each
other. This effect has been called "double-counting." Although
not intuitive, experience has shown that this effect is not of
great concern when estimating the risks to the MEI and to the
population as a whole. Because of the linear nature of the
exposure and risk models, the population risks (cancer cases per
year) are the same whether one calculates the exposure one plant
at a time or calculates the exposure from nearby plants together;
only the number of people who are estimated to be in the exposed
group will differ. 1In the case of the risk to the MEI, nearby
plants can only significantly change the estimated maximum
concentration when plants of equal emission rates are located
very close to each other, perhaps within several hundred meters.
This is very unlikely for the utility industry.

There is an option to the HEM, called single-count, which
can provide further insight into this potential problem of
double-counting. This option still evaluates exposure on a
source-by-source basis, but exposure is calculated for each
population census block within 50 km and this detailed
information is saved (stored in the computer memory). As each
source is considered, the exposure estimate for each census block
is added to the previous source’s exposure estimates at the same
census block. At the end of the computer run, the computer has a
total exposure estimate for each census block in the U.S. and, by
adding the census block exposure estimates together, provides a
national level estimate of total exposure. For this study,
single-count HEM runs have indicated that individuals may be
living within 50 km of up to 12 coal-fired plants or 17 oil-fired
plants; thus, a concern has arisen over multiple exposures to
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many plants. However, the single-count analyses conducted for
arsenic emissions indicate that overlapping effects from nearby
sources do not significantly change the estimated risks (see
Table 6-14).

6.6 ASSESSMENT OF EXPOSURE DUE TO LONG-RANGE TRANSPORT

6.6.1 History and Background Information

During the mid-1970s, SRI International developed a
Lagrangian puff air pollution model called the EUROPEAN Regional
Model of Air Pollution (EURMAP) for the Federal Environment
Office of the Federal Republic of Germany.* This regional model
simulated monthly SO, and sulfate (S0}") concentrations, wet and
dry deposition patterns, and generated matrices of international
exchanges of sulfur for 13 countries of western and central
Europe. In the late-1970s, the EPA sponsored SRI International
to adapt and apply EURMAP to eastern North America. The adapted
version of this model, called Eastern North American Model of Air
Pollution (ENAMAP), also calculated monthly SO, and SO?
concentrations and wet and dry deposition patterns and generated
matrices of interregional exchanges of sulfur for a user-defined
configuration of regions.*®, 1In the early-1980s, EPA modified
and improved the ENAMAP model to increase its flexibility and
scientific credibility.

By 1985, simple parameterizations of processes involving
fine (diameters < 2.5 um) and coarse (2.5 um < diameters < 10.0
um) PM were incorporated into the model. This wversion of the
model, renamed the Regional Lagrangian Model of Air Pollution
(RELMAP), is capable of simulating concentrations and wet and dry
deposition patterns of SO,, S0%, and fine and coarse PM and can
also generate source-receptor matrices for user-defined regions.
In addition to the main model program, the complete RELMAP
modeling system includes 19 preprocessing programs that prepare
gridded meteorological and emissions data for use in the main
program. A complete scientific specification of the RELMAP as
used at EPA for sulfur modeling is provided in RELMAP: a Regional
Lagrangian Model of Air Pollution - User's Guide.® The next
section discusses modifications made to the original sulfur
version of RELMAP to enable the simulation of atmospheric
arsenic.

6.6.2 RELMAP Modeling Strategy for Atmospheric Arsenic

6.6.2.1 Introduction. Previous versions of RELMAP have
been described by Eder et al.® and Clark et al.” The goal of the
current effort was to model the emission, transport, and fate of
airborne arsenic from utilities in the continental U.S. for the
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Table 6-14. Comparison of Risk Estimates for Single-Count Versus
Double-Count Runs to Assess the Impact of Overlapping Plumes

Population w/
risk > 10°

HAP, fuel, year | MEl risk

As, Coal, 1990

As, Oil, 1990 1x10°% 0.04 2,200 1x10° 0.04 2,400
As, Coal, 2010 | 3 x 10° 0.05 590 3x10° 0.05 590
As, Oil, 2010 2,300

year 1989. Modifications to the RELMAP for atmospheric arsenic
simulation were based on the assumption that all arsenic
emissions are in particulate form.

The RELMAP may be run in either of two modes. In the field
mode, wet deposition, dry deposition, and air concentrations are
computed at user-defined time intervals. In the source-receptor
mode, RELMAP also computes the contribution of each source cell
to the deposition and concentration at each receptor cell. For
this study, only the field mode of RELMAP operation was used.
With over 10,000 model cells in the high-resolution receptor grid
and a significant fraction of these cells also emitting arsenic,
the data accounting task of a source-receptor run for all
electric utility sources could not be performed with the
computing resources and time available.

Unless specified otherwise in the following sections, the
modeling concepts and parameterizations described by Eder et al.®
were preserved for the RELMAP arsenic modeling study.

6.6.2.2 Physical Model Structure. Because of the long
atmospheric residence time of fine PM, significant long-range
transport of arsenic was expected. For this study, RELMAP
simulations were limited to the area bounded by 25 and 55 degrees
north latitude and 60 and 130 degrees west longitude and with a
minimum spatial resolution of one-half degree longitude by
one-third degree latitude (approximately 40 km?) to provide
high-resolution coverage over the entire continental U.S.

Since the descriptive document by Eder et al.® was produced,
the original three-layer puff structure of the RELMAP has been
replaced by a four-layer structure. The following model layer
definitions were used for the RELMAP arsenic simulations:
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Layer 1 top 30 to 50 m above the surface

(season-dependent)

Layer 2 top 200 m above the surface

Layer 3 top 700 m above the surface

Layer 4 top

700 to 1,500 m above the surface
(month-dependent) .

6.6.2.3 Treatment of Emissions. All of the utilities
within each high-resolution RELMAP grid cell were treated as a
single integrated point source located at the center of the grid
cell. As mentioned in earlier sections of this report, the
utility database contained the necessary information to satisfy
the RELMAP data needs, including long-term arsenic emission
rates, stack parameters, and plant location. All point source
emissions (assumed to be in steady state) were introduced into
model layer 2 to account for the effective stack height of the
point source type in question. Effective stack height is the
actual stack height plus the estimated plume rise. The layer of
emission is inconsequential during the daytime when complete
vertical mixing is imposed throughout the four layers. At night,
since there is no vertical mixing, source emissions to layer
1l are subject to dry deposition while point source emissions to
layer 2 are not. Large industrial emission sources and sources
with very hot stack emissions tend to have a larger plume rise,
and their effective stack heights might actually be larger than
the 700-m top of layer 2. However, since the layers of the
pollutant puffs remain vertically aligned during advection, the
only significant process affected by the layer of emission is
nighttime dry deposition.

6.6.2.4 Lagrangian Transport and Deposition. In the
model, each pollutant puff begins with an initial mass equal to
the total emission rate of all sources in the source cell
multiplied by the model time-step length. For arsenic, as for
most other pollutants, emission rates for each source cell were
defined from input data and a time step of 3 hours was used. The
initial horizontal area of each puff was set to 1,200 km?,
instead of the standard initial size of 2,500 km?, in order to
accommodate the finer grid resolution used for the modeling
study; however, the standard horizontal expansion rate of 339
km?/h was not changed. Although each puff was defined with four
separate vertical layers, each layer of an individual puff was
advected through the model cell array by the same wind velocity
field. Thus, the layers of each puff always remained vertically
stacked. Wind field initialization data for a National Weather
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Service prognostic model, the Nested Grid Model (NGM), were
obtained from the National Oceanographic and Atmospheric
Administration’s (NOAA’'s) Atmospheric Research Laboratory for the
entire year of 1989. Wind analyses for the vertical level of
approximately 1,000 meters above ground level of the NGM were
used to define translation of puffs across the model grid, except
during the months of January, February, and December when the
600-m vertical level was used to reflect a more shallow mixed
layer.

Pollutant mass was removed from each puff by the processes
of wet deposition and dry deposition. The model
parameterizations for these processes are discussed in section
6.6.3. Precipitation data for the entire year of 1989, obtained
from the National Climatic Data Center, were used to estimate the
wet removal of all pollutant species modeled. Wet and dry
deposition mass totals are accumulated and average surface-level
concentrations are calculated monthly for each model cell
designated as a receptor. Except for cells in the far southwest
and eastern corners of the model domain where there were no wind
data, all cells were designated as a receptor for the arsenic
simulation. When the mass of pollutant on a puff declines to a
user-defined minimum value, or when a puff moves out of the model
grid, the puff and its pollutant load is no longer tracked. The
amount of pollutant in the terminated puff is taken into account
in monthly mass balance calculations so that the integrity of the
model simulation is assured. Output data from the model include
monthly wet and dry deposition totals and monthly average air
concentrations for each modeled pollutant in every receptor cell.

6.6.3 Model Parameterizations

6.6.3.1 Chemical Transformation. The simplest type of
pollutant to model with RELMAP is the inert type. To model inert
pollutants, one can simply omit chemical transformation
calculations for them and not be concerned with chemical
interactions with other chemical species. Arsenic was treated as
an inert pollutant species.

6.6.3.2 Dry Deposition. All atmospheric arsenic was
assumed to be in particulate form. Since arsenic and its
compounds make up only a small fraction of total PM loading of
the atmosphere, it was treated as a minor component of the
general population of conglomerate aerosol particles. Heavy
metals have been generally associated with fine particle sizes
(<1 um diameter), but there is evidence larger particles may play
a significant role in dry deposition in urban areas.®>® Therefore,
arsenic particles were modeled in five sizes; 0.1, 0.3, 1.0, 3.0,
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and 10.0 um diameter. The results of the RELMAP simulation for
each particle size were then used in a postprocessing operation
to estimate effects of dry deposition on a particle size
distribution appropriate for regional-scale air masses with urban
influences. The following percent fractions of particle mass
were assumed to be in each size class: 20 percent in 0.1 um, 50
percent in 0.3 um, 20 percent in 1.0 um, 5 percent in 3.0 um, and
5 percent in 10.0 um.

The semi-empirical dry deposition model as described in
Sehmel® was used to estimate dry deposition velocity for
conglomerate particles in the 5-um size class. This model
requires as input the particle density, the particle diameter,
the friction velocity, the Monin-Obhukov length, the surface
roughness length, and the air temperature. Assuming sulfate,
nitrate, and organic compounds make up most of the particulate
mass for particles less than 10 um in diameter, a density value
of 2 g/cm® was used to represent all particles containing
arsenic. Although arsenic and most of its compounds have
densities of over 2 g/cm?, it was assumed that they make up only
a small part of the conglomerate aerosol particles in the modeled
size range. Dry deposition velocities for particulate arsenic
were calculated using a FORTRAN subroutine developed by the
CARB.? Table 6-15 shows the windspeed (um) (m/s) used for each
Pasquill stability category in the calculation of deposition
velocity from the CARB subroutine, and Table 6-16 shows the
roughness length used for each land-use category.

6.6.3.3 Wet Deposition. Alcamo et al.!® used a scavenging
ratio of 0.5 x 10° for both arsenic and cadmium, noting that
these values are close to the average values reported by Chan et
al.’ They also note that Chan et al. did not address As, but
used values based on measurements in Canada, not Europe.
Schroeder et al.!? show a range of measured values for the
scavenging ratio of arsenic, cadmium, and lead.

Some of the parameters used for dispersion and deposition
modeling are shown in Tables 6-15 and 6-16. These parameters
include windspeed vs. stability category and roughness length vs.
land-use category. As a compromise, a scavenging ratio of 0.25 x
10° was used for the spring and summer seasons and a value of
0.40 x 10°% was used for the autumn and winter seasons.

6.6.4 Exposure and Risk Estimates

The RELMAP analysis produced an average annual air arsenic
concentration for each grid cell in the continental U.S. The
maximum annual arsenic RELMAP concentration was 0.28 ng/m’. Of
the 12,600 grid cells in the study area, 33 grid cell
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Table 6-15. Windspeeds Used for Each Pasquill Stability Category
in CARB Subroutine Calculations

A 10.0 l
B 5.0
o 5.0
D 25
E 25
F 1.0

Table 6-16. Roughness Length Used for Each Land-Use Category in
CARB Subroutine Calculations

Roughness length (ms) H

Land-use category

Autumn-winter I Spring-summer “

Urban 0.5 0.5
Agricultural 0.15 0.05
Range 0.12 . 0.1
Deciduous Forest 0.5 0.5
Coniferous Forest 0.5 0.5
Mixed Forest/Wetiand 0.4 0.4
Water 10 10°%
Barren Land 0.1 0.1
Nonforested Wetland 0.2 0.2
Mixed Agricultural/Range 0.135 0.075
Rocky Open Areas 0.1 0.1
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concentrations were greater than 0.100 ng/m®. The 50th
percentile of the grid cell values was 0.0034 ng/m® and the
average cell value was 0.01 ng/m®. The figure indicates that,
typically, the largest concentrations occur in the eastern part
of the U.S.

Once the grid cell concentrations are known, public exposure
and risks can be calculated by applying the population database
used in the HEM. This population database contains the location
of and number of people living within each census block. By
overlaying the population database onto the grid cells, exposure
can be estimated for each group of people within the continental
U.S. By multiplying the grid cell arsenic concentration by the
number of people within that grid cell and summing these products
over all the U.S. grid cells, one can estimate total population
exposure. To estimate annual population risks (cancer
incidence), the model multiplied the total exposure product by
the arsenic IURE and divided by 70 years. The results are shown
in Figure 6-4 and Table 6-17.

To evaluate potential impacts due to long-range transport,
the coal, o0il, and gas emissions were modeled together. By
applying the algorithm described above, 0.6 cancer case/year was
estimated, for all three fuels, for arsenic emissions from
utilities in the continental U.S. This estimate is about seven
times greater than the population risks estimated modeling
arsenic emissions within 50 km of each facility using the HEM
(i.e., 0.05 case/year for coal and 0.04 case/year for oil).

The potential impacts to the MEIs appear to be considerably
less than for population exposures. The maximum RELMAP
concentration of 0.27 ng/m® is about 40 percent of the highest
HEM arsenic concentration for coal-fired utilities. The modelers
expect that the other metals of potential concern (e.g.,
chromium, nickel, cadmium) would show similar results. These
trace metals are also associated with fine particulate matter in
the utility emissions and probably act in a similar manner in the
atmosphere. In addition, these other HAPs are generally emitted
in roughly proportional quantities for each fuel type and are
emitted from the same set of plant locations. Therefore, for a
screening exercise, the factor of 7 can be applied to these other
HAPs to roughly estimate the potential impact of long-range
transport of HAPs on the overall cancer incidence. In the HEM
analysis (i.e., within 50 km) the total cancer incidence (not
including radionuclides) was estimated to be up to 0.6 case per
yvear (0.1 case per year for coal-fired utilities and 0.47 case
per vear for oil-fired utilities). Multiplying the 0.6 case per
year by the factor of 7 results in a cancer incidence estimate
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Table 6-17. Exposure and Risk Estimates Based on RELMAP Modeling
of Arsenic Emissions from 2l1ll 0il- and Coal-fired Utilities in
the U.S.

Exposure Concentration {uzg/m?) Inhalation Risk® Number of People Exposed to .1
this Level of Risk

11,700,000

5x 10° 2x 107 96,400,000
2.5x 10% 1 x 107 147,000,000
1x10°% 4x 10% 183,000,000
5x 10% 2x10% 204,000,000
2.5 x 10°® 1x 108 221,000,000

230,000,000

2 Based on standard cancer risk equation, assuming 70-year exposure for people living in exposure grids
(described in chapters 4 and 6).

of roughly four cancer cases/year due to emissions of
nonradionuclide HAPs from coal- and oil-fired utilities
(including radionuclides, which are analyzed in chapter 9, cancer
incidence is estimated to be as high as 6 cases/year). Assuming
that the factor of 7 applies equally to oil and coal utilities,
the cancer incidence for coal-fired utilities for nonradionuclide
HAPs is estimated to be roughly 0.7 case/year (i.e., 0.1
multiplied by 7) and that the cancer incidence for oil-fired
utilities is roughly three cases/year (i.e., 0.47 x 7).

However, there are numerous uncertainties in the modeling,
the assumptions, the extrapolations, and the resulting cancer
incidence estimates. For example, the long-range transport of
emissions from oil-fired utilities may be different than the
long-range transport of emissions from coal-fired utilities.
Also, since the exposure concentrations for much of the exposed
population are quite low, this analysis relies heavily on the
assumption of cancer being a nonthreshold phenomenon and the
assumption that the dose-response curve for these carcinogens is
linear at very low doses. Also, since nickel is the HAP
contributing most to the cancer risks in the HEM analysis, the
cancer incidence estimate for oil-fired utilities (i.e., three
cases per year) and the overall cancer estimate (i.e., four cases
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per year) is heavily dependent on the assumption that the mix of
nickel compounds is as carcinogenic as nickel subsulfide.

Because of these and other uncertainties, the cancer incidence
estimates and the extrapolation factor of 7 should be viewed with
caution. The resulting cancer incidence estimates are considered
high-end, conservative estimates. Further evaluation of the
data, models, and methods is needed to reduce the uncertainties
and to fully evaluate the impacts of long-range transport.

6.7 DISCUSSION OF BACKGROUND EXPOSURES

6.7.1 Arsenic

There are over 250 sites that reported ambient arsenic data
to the EPA’'s Aerometric Information Retrieval System. Up to the
year 1987, arsenic was measured by performing an analysis of the
filter catch from 24-hour high-volume total-suspended-particulate
(TSP) sampling devices. The Agency compared the results of the
dispersion modeling to available data in 1987 (latest available
data) and attempted to provide insight into typical arsenic
concentrations in areas away from utilities and to provide a
check on the credibility of the predicted concentrations.

A review of 1987 ambient arsenic data indicated that the
minimum concentration that could be detected was about 3 ng/m’.
Much of the reported data were at or below the minimum detectable
level (MDL); for instance, 145 of the 261 total sites reported no
values above the MDL. At sites not located near known, large
arsenic emitters, such as copper smelters, the largest annual
concentration reported was about 8 ng/m’. Further analysis
indicated the large majority (about 75 percent) of monitors were
located within 50 km of at least one coal- or oil-fired utility
plant, and six sites were located within 50 km of at least 10
plants. On the other hand, there were 59 sites that were not
within 50 km of any coal- or oil-fired utility plant.

Typical arsenic concentrations can be determined by
reviewing the data from the 59 sites not near utility plants. Of
the 59 sites, 8 were known to be near large arsenic sources and
were not representative of typical sites. Only 13 of the
remaining 51 sites recorded annual arsenic concentrations above
the MDL. The highest concentration reported was about 8 ng/m’.
Thus, based on these data, typical concentrations are probably
not much higher than 8 ng/m® and are most likely to be lower (or
much lower) than the MDL of 3 ng/m®. In fact, as seen from
review of the data collected near utilities, this result is
typical of all the available arsenic data, when the monitors are
not located near large arsenic-emitting sources.
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.Next, a comparison was made between the predicted arsenic
concentrations and the measured values near the plants. The
highest arsenic long-term concentration estimated for any utility
plant using the HEM was about 3 ng/m®. The estimated maximum
concentrations predicted with the HEM for all the other utility
plants were lower or much lower than 3 ng/m®. The monitor
nearest the plant that caused the maximum arsenic concentration
was about 12 km away and that monitor did not register any
concentrations above the MDL of 3 ng/m®. The air dispersion
analysis using the HEM predicted an arsenic concentration of 0.05
ng/m® at that monitoring site, so concentrations due to utility
emissions were not expected to register on this monitor. At the
site where the highest arsenic concentration was reported, the
air dispersion analysis predicted arsenic concentrations well
below 0.01 ng/m’.

However, direct comparisons between estimated and measured
values can be misleading. As suggested by the analysis of sites
away from where arsenic concentrations were detected, there are
confounding factors. One confounding factor occurs because
arsenic is a naturally occurring element in the earth’s crust.
Some arsenic is expected to be in every TSP filter catch (i.e., a
natural background concentration that would be present even
without nearby anthropogenic sources). There is a second
confounding factor because any other PM-arsenic source in the
area will also have an impact on. the monitor. So, for arsenic,
the monitored concentrations are measuring a combination of
concentrations: (1) from natural background, (2) from other
arsenic sources, and (3) from nearby utilities. Thus, the
monitored values are always expected to exceed the impact from
the plant’s emissions.

Considering the above information, it is difficult to draw
definitive conclusions from the data comparisons. The largest
concentration from the monitored data set was about 8 ng/m® and
this site was near two plants. Similarly, over half of the
monitors never detected annual arsenic concentrations above the
MDL of 3 ng/m?®, so the highest possible impact at the typical
monitoring site must be below 3 ng/m®. The analysis indicates
that the predicted concentrations from the HEM arsenic air
dispersion analyses were not radical underestimates of actual
plant emission impacts.

6.7.2 ‘Chromium, Nickel, Manganese, and HCI1

Chromium and nickel ambient data were also available. The
results in analyzing these data led to conclusions similar to
those drawn from the arsenic analysis. Much of the data were
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below detectable levels and did not provide much insight into the
relative concentration impacts from utility emissions.

Based on the HEM modeling, manganese and HCl were the two
HAPs that appear to be of highest potential concern for noncancer
effects due to inhalation exposure. However, in the assessment
of noncancer health effects due to inhalation exposure to HAP
emissions from utilities, the highest HEM-modeled concentrations
of manganese and HCl from the highest-risk plants were estimated
to be 10 times lower than the RfC. All other HEM-modeled
concentrations for HCl and manganese were even lower. Therefore,
regardless of background exposure levels, the emissions of HCl
and Mn from utilities are not likely to contribute significantly
to an RfC problem. For this reason, the EPA did not conduct an
analysis of ambient air background exposures for these two HAPs
for this report.

6.8 CHROMIUM SPECIATION UNCERTAINTY AND IMPACT ON RISK ESTIMATES

Available health effects data indicate there are significant
differences in the toxicity of the trivalent chromium (Cr III)
versus hexavalent chromium (Cr VI). Chromium VI is classified as
a human carcinogen (WOE = A) based on human and animal studies
that show an increase in lung cancer. Available data are not
sufficient to determine the carcinogenicity of Cr III (WQOE = D).
Cr III appears to be much less toxic than Cr VI.*!* However,
there are uncertainties in the health effects of Cr I1II. For
more information on chromium toxicity see Appendix E.

Data on speciation of chromium were available from 11 test
sites. The limited emissions speciation data (see Appendix H)
indicate that somewhere between 0.4 percent and 34 percent of the
emitted chromium is chromium VI. The average chromium VI from
the coal-fired utilities was 11 percent; the average from
oil-fired utilities was 18 percent.

To assess the potential impact of the range of chromium
speciation on the risk results, the utilities were modeled using
the HEM assuming different speciation percentage assumptions.
Tables 6-18 and 6-19 present the results of the assessment.

6.9 ISSUES WITH ARSENIC CANCER UNIT RISK ESTIMATE AND IMPACT ON
INHALATION RISK ESTIMATES

Arsenic is considered a human carcinogen (WOE = A). The EPA

reviewed the dose-response data in 1986 and established an IURE
of 4.29 x 10 per ug/m®. This IURE is the EPA-verified value
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Table 6-18. Chromium Speciation Analysis for Coal-fired
Utilities: Inhalation Risk Estimates due to Chromium Emissions
Based on Various Assumptions of Percent Cr VI.

Population w/ >
Lifetime Lifetime 10 lifetime cancer Cancer incidence
MIR risk (cases/year)

% Chromium VI assumption®

Assume 100% Cr VI

Assume 23% Cr VI 4x10° | 2x10° 2,300 0.04 n

Assume 11% Cr Vi 2x10°% 1x 10¢ 110 0.02

* Based on speciation data from emissions tests for four coal-fired test sites, the average percent Cr VI was
11 percent, the maximum was 23 percent, and the minimum was 0.4 percent. The remaining chromium
emissions are assumed to be Cr Ill. it is assumed that the cancer risk is due only to Cr VI emissions. Because
carcinogenicity data for chromium il are very limited and uncertain, it was assumed that Cr Iil does not pose
cancer risk. It is not known whether the Cr lll emissions contribute to the cancer risk.

Table 6-19. Chromium Speciation Analysis for 0Oil-fired
Utilities: Inhalation Risk Estimates due to Chromium Based on
Various Assumptions of Percent Chromium VI

Population w/ > 10°®
lifetime cancer risk

% Chromium Vi
assumption®

Cancer incidence
(cases/year)

Lifetime MEI risk Lifetime MIR

100% Cr V! 3x10°%

40,000
34% Cr Vi 1x10% 1x10% 2,300 0.04
18% Cr VI 5 x 10°® § x 10 2,300 0.02
5% Cr VI 45

* Based on limited speciation data from emissions tests for seven oil-fired test sites, the average percent Cr VI
was 18 percent, the maximum was 34 percent, and the minimum was 5 percent Cr VI, it was assumed that
chromium lil does not pose a cancer risk. It is assumed that the remainder of the chromium emissions are Cr
lll. 1t is assumed that the cancer risk is due only to Cr VI emissions.

currently available on IRIS. A more in-depth discussion of the
cancer health effects data is provided in Appendix E.

The EPRI submitted a paper on arsenic carcinogenicity to the
EPA IRIS office. This paper suggested that the IURE should be
approximately three times lower than the current EPA-verified
value as a result of reviewing new data. The EPRI asked the EPA
to review the new data and consider revising the arsenic unit
risk estimate based on the most current data and analyses.
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The EPA has initiated the review process. However, to
conduct a thorough review and analysis of the data and to
calculate a new risk estimate is time consuming. A full review
and IRIS update could not be completed in time for this report.
However, the EPA has done a cursory review of the paper submitted
by EPRI along with other relevant data. Based on this initial
review by EPA scientists, it appears that the EPRI-proposed IURE
is within the range of plausible estimates of cancer potency.'®
The Canadians have also reviewed the available data recently and
established an IURE of 6 x 10°. The Canadian IURE also appears
to be within the plausible range of potency for arsenic.?®
Table 6-20 compares EPRI, EPA-verified, and Canadian inhalation
risk estimates.

Since a full review of the unit risk could not be completed
in time for this report, and to help characterize the potential
range of risk due to arsenic exposure, an assessment was
conducted that presents the estimated risks due to inhalation
exposure using three different IUREs (Table 6-20). It should be
noted that this presentation does not present the full range of
uncertainty, but rather presents the impact on the results due to
the three different estimates of the unit risk.

6.10 NICKEL SPECIATION UNCERTAINTY AND IMPACT ON RISK ESTIMATES

There are significant uncertainties associated with nickel
speciation. Nickel exists in four different valence states and
can be combined with many other elements to form different nickel
compounds. Numerous nickel compounds are known to exist.?®

Total nickel was measured at nearly all sites, but only two
sites (both oil-fired utilities) provided data on speciated
nickel. The species measured were soluble nickel (water-soluble
salts such as nickel sulfate and nickel chloride), sulfidic
nickel (such as nickel subsulfide, nickel monosulfide, and nickel
sulfide), metallic nickel (including alloys), and oxidic nickel
(including nickel oxide, complex oxides, and silicates). The
average values of the two test sites were: 58 percent soluble
nickel, 3 percent sulfidic nickel, and 39 percent nickel oxides
(see Appendix H).

The available health effects data vary significantly from
species to species. Human epidemiologic data indicate that at
least some forms of nickel are carcinogenic to humans by
inhalation exposure.”!®* Nickel refinery dust and nickel
subsulfide are classified as human carcinogens (WOE = A). The
IUREs for nickel refinery dust and nickel subsulfide are
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Table 6-20. Arsenic Inhalation Risk Estimates: Comparison of
Results Using the EPRI, EPA-verified, and Canadian IURE

Risk estimates using EPRI JURE*| Risk estimates using EPA Risk estimate w/ Canadian JURE
{1.4 x 107 per ug/m®) IURE? {4.3 x 10 per ug/m?) {6 x 10 per ug/m3)

MEI risk | # > 10%

Incidence MIR # > 10%} Incidence MIR # > 10%

Incidence

Arsenic from

Oil-fired Utilities 0.05

Arsenic from
l-fired Utilities

6 x 107 0.0 0.015 |3 x 10| 850 0.045 | 4x 10°% 850 0.06

a The EPR! IURE for arsenic (1.4 x 10-3 per ug/m®) is three times lower than the EPA-verified IURE for arsenic (4.3 x 103 per

ug/m?). And, the Canadian value is approximately 35 percent greater than the EPA estimate.’S

2.4 x 10* and 4.8 x 107%, respectively. Nickel carbonyl is
classified as a probable human carcinogen (WOE = B2), but no IURE
has been established. These are the only species currently
classified by the EPA as carcinogens. The IARC considers nickel
monoxide, nickel hydroxide, and metallic nickel as having
sufficient evidence in experimental animals for

carcinogenicity.!® The IARC considers nickel compounds to be
carcinogenic to humans and metallic nickel to be possibly
carcinogenic. The State of California concludes that the class
of nickel compounds is potentially carcinogenic by inhalation.?’
The American Conference of Governmental Industrial Hygienists
(ACGIH) has stated that all nickel compounds should be considered
carcinogenic.?® However, there are still significant
uncertainties regarding the carcinogenicity of many of the nickel
compounds. Available data are insufficient to confirm the
carcinogenicity of many nickel compounds.

Cancer IUREs are only available for nickel subsulfide and
nickel refinery dust. The cancer potency of the other nickel
compounds that may be carcinogenic is not known. Results of
animal studies suggest that nickel subsulfide is the most
carcinogenic form.!”'*® Based on the limited speciation data, no
more than 10 percent of the nickel compounds are likely to be
nickel subsulfide. Therefore, the nickel risk estimates
presented in previous sections (where it is assumed the mix of
nickel compounds emitted from utilities is as carcinogenic as
nickel subsulfide) are considered conservative, upper-bound risk
estimates.

To assess the potential impact of the speciation
uncertainty, the EPA conducted an assessment for cancer risks

6-36



utilizing different assumptions for speciation and cancer
potency. The assessment (summarized in Table 6-21) provides a
range of the potential cancer risks due to nickel emissions.

In addition to the cancer effects, nickel also causes
noncancer health effects, such as allergenicity and respiratory
effects. Currently, no RfC is available for nickel compounds.
However, there are various health benchmarks in the literature
that are useful for screening purposes to give some idea whether
or not the exposure estimates are likely to cause noncancer
health effects. The EPA conducted such an assessment (see
Table 6-22).

6.11 POTENTIAL INCREASED DIOXIN EMISSIONS FROM UTILITIES WITH
ELECTROSTATIC PRECIPITATORS

Emissions data for dioxins and dibenzofurans were available
from only nine test sites. None of these sites tested have hot-
side ESPs installed for controlling emissions. The EPA
discovered that dioxin emissions from municipal waste combustors
(MWCs) with hot-side ESPs could be 5 to 15 times greater than
emissions from a similar source without a hot-side ESP.?! Since
this phenomenon was observed at MWCs, the EPA assumes that it is
possible that the same situation may possibly occur at utilities.
Currently, the DOE is planning to conduct an emission test at a
facility with a hot-side ESP; however, at this time, no data are
available for dioxins from hot-side ESP units. Therefore, as a
scoping effort for this report, the dioxins were modeled a second
time with the assumption that dioxin emissions are 10 times
greater from all utilities that have hot-side ESPs (145 units).
The results of this scoping effort showed an increase of roughly
double the national total dioxin emissions from utilities, from
1.5 x 10™ ton/yr to 3.5 x 10" ton/yr. The cancer MIR increased
by a factor of 3.5, from 5 x 10® to 1.8 x 1077.

This was based on a hypothesis. Utilities are different
than MWCs. There are differences in fuel and operations.
Therefore, it is not known whether utility units with hot-side
ESPs are likely to emit more dioxins. More data and analyses are
needed before any conclusions can be made regarding dioxins from
utilities with hot-side ESPs.

6.12 DISCUSSION OF UNCERTAINTY AND ASSUMPTIONS FOR DOSE-RESPONSE
ASSESSMENT FOR CARCINOGENS

Information related to dose-response assessment for the HAPs
is summarized here to identify the assumptions, methods, data
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Table 6-21. Nickel from Oil-Fired Utilities: Inhalation Cancer
Risk Estimates Based on Various Assumptions of Speciation and
Cancer Potency

Cancer 7
Nickel Speciation® {IJURE)® # People > 107 risk Annual Incidence
100% Ni Subsulfide 48x10* | 9.6x10° 1,600,000 0.4
20% Ni Subsulfide 9.6 x 10° 2x10° 9,900 0.08
10% Ni subsulfide 4.8 x 10° 9.6 x 10°® 2,300 0.04
1% Ni Subsulfide 4.8 x10° 9.6 x 107 0.0 0.004
IURE = Inhalation unit risk estimates.
MIR = Maximum individual risk

* The limited nickel speciation data indicate that nickel is a combination of nickel oxide, soluble nickel, sulfidic nickel, and
insoluble nickel. The limited speciation data indicate that less than 10 percent of the nickel is nickel subsulfide.

* The inhalation Unit Risk Estimate {IURE) of 4.8 x 10 is the IURE for nickel subsulfide found on IRIS. For each of these
cases, it is assumed that either 100 percent, 20 percent, 10 percent, or 1 percent of the nickel is nickel subsulfide, and that
only this fraction is contributing to the cancer risk. The cancer risk due to the other nickel compounds is not known.

Table 6-22. Comparison of Nickel Exposure to Various Noncancer
Health Benchmarks

Various health benchmarks for nickel CARB REL* = 0.24

compounds ug/m®
# People exposed® above the benchmark 0.0 0.0
# People exposed above 1/10th the 2.300 0.0
benchmark
Maximum HQ¢ 0.82 0.082
L . ______
LEGEND:

REL = Reference exposure level

CARB = California Air Resources Board

EPRI = Electric Power Research Institute

HQ = Hazard quotient

* This value was obtained from the CARB Hot Spots Program.> CARB calculated this number by dividing the Threshold Limit
Value (TLV) of 0.1 mg/m® by 420. The TLV is a level set by the American Conference of Government Industrial Hygienists
{ACGIH) as a guideline to protect workers. The 420 accounts for extrapolating from a 40-hour work week to a 168-hour
week (4.2x), extrapolating from healthy workers to sensitive subpopulations (10x), and another factor of 10x because adverse
health effects are often seen at the TLV.

® The EPR! benchmark?? was calculated by dividing the TLV by 42. The 42 accounts for extrapolating from a 40-hour work
week to a 168-hour week, and a 10x is applied to account for sensitive subpopulations.

¢ The exposed population is estimated from the results of the Inhalation Human Exposure Modeling.
¢ The HQ is calculated by dividing the modeled concentration by the health benchmark. It is the ratio of the estimated highest

exposed concentration to the benchmark concentration. A value of 1 or higher indicates that the exposure is above the health
benchmark.
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used, and uncertainty associated with the dose-response measures.
This information is useful to place the quantitative risk
estimates into context with respect to their associated
uncertainty and conservatism.

6.12.1 Default Options

The EPA uses default options when dealing with competing
plausible assumptions and uncertainty in estimating cancer unit
risks. The use of these default options 1s intended to lead to
unit risk estimates that, although plausible, are believed to be
more likely to overestimate than to underestimate the risks. The
use of these defaults has led EPA scientists to conclude that the
resulting unit risk estimates are upper limits. That is, the
actual risks are unlikely to be greater than these estimates, and
may be lower; they could also be zero. Below are several of the
major default options used in cancer dose-response assessment
identified by NRC.?®* However, it must be noted that the
preliminary HAPs of interest in this study for cancer risks
(i.e., arsenic,.chromium VI, and nickel subsulfide) have IUREs
and WOE that are based on human epidemiology studies; therefore,
many of the assumptions listed below are not relevant for much of
this study.

. Laboratory animals are a surrogate for humans in
assessing cancer risks; positive cancer-bioassay
results in laboratory animals are taken as evidence
of a chemical's cancer-causing potential in humans.

. Humans are as sensitive as the most sensitive animal
species, strain, or sex evaluated in a biocassay with
appropriate study-design characteristics.

. Agents that are positive in long-term animal
experiments and also show evidence of promotion or
cocarcinogenic activity should be considered as
complete carcinogens.

. Benign tumors are surrogates for malignant tumors, so
benign and malignant tumors are added in evaluating
whether a chemical is carcinogenic and in assessing
its potency.

. Chemicals act like radiation at low exposures (doses)
in inducing cancer; i.e., intake of even one molecule
of a chemical has an associated probability for
cancer induction that can be calculated, so the
appropriate model for relating exposure-response
relationships is the linearized multistage model.
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. Important biological parameters, including the rate
of metabolism of chemicals, in humans and laboratory
animals are related to body surface area. When
extrapolating metabolic data from laboratory animals
to humans, one may use the relationship of surface
area in the test species to that in humans in
modifying the laboratory animal data.

. A given unit of intake of a chemical has the same
effect, regardless of the time of its intake;
chemical intake is integrated over time, irrespective
of intake rate and duration.

. Unless there are data to the contrary, individual
chemicals act independently of other chemicals in
inducing cancer when multiple chemicals are taken
into the body; when assessing the risks associated
with exposures to mixtures of chemicals, one treats
the risks additively.

6.12.2 Models, Methods, and Data

In a dose-response assessment, the likelihood of developing
cancer is determined quantitatively for any given level of
exposure to a carcinogen.?® The two basic reasons for conducting
a cancer dose-response assessment are (1) to extrapolate from
high to low doses, and (2) to extrapolate from animal to human
responses. Both epidemiologic and toxicologic studies are
conducted at doses higher than those normally encountered in the
environment. Therefore, in order to determine response at lower
doses, an extrapolation from high to low dose must be performed.
Many models are available for dose-response estimation and high-
to low-dose extrapolation. The dose-response assessment must
also extrapolate from animals to humans if only animal data are
available. This interspecies extrapolation is carried out by
applying a scaling factor to the experimental data?* or through
the use of physiologically based pharmacokinetic (PBPK) data.

6.12.2.1 Mathematical Dose-Response Extrapolation Models.
No single dose-response model is appropriate in all situations.
A dose-response model is usually selected on an agent-specific
basis. However, two categories of dose-response models are
generally used in carcinogen risk assessment-mechanistic models
and tolerance-distribution models.

Mechanistic models describe some mechanism by which
carcinogenesis is believed to occur. All of the mechanistic
models assume that a tumor originates from a single cell that has
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been altered by either the agent or one of its metabolites.?
Examples of mechanistic models are the one-hit, multi-hit, and
multistage models.

The one-hit model assumes that a single hit at a critical
site can result in malignant transformations. This model is
conservative (i.e., reduces the chance of underestimating risk)
because it does not account for cellular or deoxyribonucleic acid
(DNA) repair mechanisms. The multi-hit mechanistic model, an
adaptation of the one-hit model, assumes more than one chemical
exposure or biological event is required to elicit a carcinogenic
response. The linearized multistage model is the most frequently
used of the low-dose extrapolation models. It corresponds to the
most commonly accepted theory of carcinogenesis (the multistage
process) and is the model most frequently used by EPA in
conducting dose-response assessments. This model assumes that a
cell progresses through a number of distinct stages before
becoming malignant. Like the one-hit model, the multistage model
is approximately linear in the low-dose region.

The second type of dose-response model, the tolerance
distribution model, is an empirical model that assumes for each
individual in a population there is a tolerance level below which
that person will not respond to the exposure.?* These models
assume a variability among individual tolerance levels that can
be described in terms of a probability distribution. This
concept of individual tolerance levels differs from the
"threshold" concept used in most noncancer risk assessment, which
posits a general level of exposure that is "safe" for most of the
population. Tolerance distribution models are actually based on
the "nonthreshold" concept of carcinogenesis because they refer
to an infinite number of individual tolerance levels or
thresholds distributed along a curve. The low-dose extrapolation
techniques based on the tolerance distribution theory include the
probit (log-probit), logit (log-logistic), and the Weibull model.

If animal data are used in the dose-response assessment,
scaling factors are commonly used to calculate a human equivalent
dose. These scaling factors are applied to animal data to
account for differences between humans and animals regarding body
size, lifespan, route, metabolism, and duration of exposure.?

Standardized dosage scales such as mg/kg body weight/day,
ppm, in the diet or water, and mg/m? body surface area/day are
commonly used to allow for comparison of data across species.?
The EPA considers extrapolation on the basis of surface area most
appropriate because particular pharmacologic effects commonly
correlate to surface area. Because the body surface area is
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proportional to the animal's weight to the two-thirds power, and
because weight is more easily determined than surface area,
equivalent dose can be calculated as follows:

da/bwa(2/3) = dh/bwh(2/3)

where
d, = experimental animal dose (mg)
dn = equivalent human dose (mg)
bw, = weight of experimental animals (kg)
bw, = weight of average human (kg).

6.12.2.2 Discussion of the Derivation of IUREs. An IURE
represents an upper limit increased cancer risk estimate from a
lifetime (70-year) exposure to a concentration of 1 ug/m® in the
ambient air. This IURE is typically derived from the slope
factor, which is a plausible upper-bound estimate of the
availability of a response per unit intake or exposure
concentration of a chemical over a lifetime.! When the slope
factor is generated from the linearized multistage model, it is
denoted as q,*. Slope factors are usually expressed in terms of
(mg/kg-day) ! when derived from oral data and (mg/m’) ' when
derived from inhalation data. The following equation is used to
convert a slope factor to an IURE for air contaminants:

IURE = Slope Factor x 1/70 kg x 20 m*/d x 10°3.

To calculate the IURE, it is assumed that a 70-kg individual with
a breathing rate of 20 m*/d is exposed to the carcinogen over a
70-year lifespan. The factor of 107° in the IURE equation is
required to convert from milligrams to micrograms. The IURE is
based on the assumption of low-dose linearity. If a nonlinear
low-dose-response extrapolation model were used, the unit risk
would differ at different dose levels, and the dose-response
assessment output could be expressed as a dose corresponding to a
given level of risk, analogous to the risk-specific dose, rather
than as a single IURE.

If the IURE is derived from animal data, it usually
represents the upper 95th percent confidence limit of the slope
factor as suggested by the variation within the animal data.
Using the upper 95th percent confidence limit reduces the
probability of underestimating the unit risk.

For four priority HAPs (arsenic, chromium, radionuclide, and

nickel), human epidemiologic data are available and were used to
derive a maximum likelihood estimate (MLE) of the IURE. The MLE
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is defined as a statistical best estimate of the value of a
parameter from a given data set.?® Therefore, the difference
between the upper-bound estimate and the MLE is that the upper
bound is a conservative measure of risk while the MLE is a
statistically best estimate.

6.12.3 Discussion of Uncertainty in IUREs

Uncertainty is associated with the IURE because many
assumptions have been made in the process of deriving it.
Uncertainty arises from several areas in a dose-response
assessment including intra- and interspecies variability, high-
to low-dose extrapolation, route-to-route extrapolation, and the
development of equivalent doses. One type of potential
uncertainty is often called the “healthy worker effect.” This
results because the IUREs for some HAPs (e.g., arsenic, chromium
VI) are based on studies of workers exposed during their working
careers. The sensitivity of the workers to developing cancer may
not be the same as the sensitivity of the general population.
Therefore, there is uncertainty in the representativeness of the
worker population for calculating an IURE for the general
population. There may also be uncertainties because of
truncation of observation periods in most epidemiology studies.
In addition, there are uncertainties in the estimates of
individual dose or exposure in the epidemiology studies.

When using animal studies to estimate dose-response, the
assumption that administered dose is proportional to delivered
dose is typically used when estimating human equivalent doses.
However, physiological and pharmacokinetic differences between
experimental animal species and humans may result in differences
in delivered target organ dose. Not accounting for these may
introduce uncertainty in the estimation of human equivalent dose.

Low-dose extrapolation models can result in estimates of
risks that differ by several orders of magnitude. Therefore,
selection of model is critical. Some uncertainties may result in
high biases, others may result in low biases.

The IURE is based on the assumption that exposure to a
particular agent occurs over a 70-yr lifetime under constant
conditions and assumes that risk is independent of dose rate.
Actually, the exposed population is not exposed either
continuously or at a constant level. It is unknown how the
detoxification and repair mechanisms may act at higher or lower
dose rates or with intermittent exposures, thereby introducing
uncertainty in the risk estimate. Variable exposure
concentrations introduce uncertainty. If detoxification and
repair mechanisms are more efficient with intermittent exposures
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(allowing for recuperation or repair), the IURE would over-
estimate risks when compared to the total dose received. By
contrast, if these mechanisms were less efficient at an
intermittently higher dose rate, the IURE may underestimate risk
when compared to total dose.

Risks from multiple carcinogens are typically estimated
assuming dose additivity. However, uncertainties are associated
with this approach. The risk summation technique assumes
exposures are in the low-dose range where responses are linear;
however, at higher risk levels, nonlinearity may need to be
considered. The additivity approach also assumes that each
chemical acts independently (i.e., that there are no synergistic
or antagonistic chemical interactions and that all chemicals
produce the same effect). If these assumptions are incorrect,
over- or underestimation of the actual multiple-substance risk
could occur.?® Several other limitations to this approach must
be acknowledged. Because the IURE is typically an upper 95th
percentile estimate of potency and upper 95th percentiles of
probability distributions are not strictly additive, the total
cancer risk estimate might become artificially more conservative
as risks from a number of different carcinogens are summed.
However, the human-derived potency estimates, which are the most
important for this analysis (e.g., radionuclides, arsenic,
chromium VI, and nickel subsulfide), are not based on the upper
95th percentile. These IUREs are based on a maximum likelihood
estimate. Therefore the potential for artificially conservative
estimates resulting from summing risks of individual HAPs may not
be an issue for this risk assessment.

Uncertainty in the breathing rate relates to the level of
activity. The breathing rates in epidemiological studies on
which the cancer slope factors (CSFs) are based are typically
higher than the standard 20 m’/d for the general population.
Uncertainty in the deposition fractions varies between
individuals due to variation in breathing rates, particle sizes,
and the sizes of lung passages. Retention half-times typically
are distributed lognormally though there is little information on
how they differ between the (epidemiological) study population
and the general population. Life-time averaged retention
half-times should be slightly lower in the general population due
to the inclusion of young ages for which the retention half-times
are usually lower than adult values.

6.12.4 Variability in Cancer Dose-Response Assessment

Human beings vary substantially in their inherent
susceptibility to carcinogenesis. Person-to-person differences
in behavior, genetic makeup, and life history can influence
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susceptibilities. Such interindividual differences can be
inherited or acquired. Acquired differences that can
significantly affect an individual's susceptibility to
carcinogenesis include the presence of concurrent viral or other
infectious diseases, nutritional factors such as alcohol and
fiber intake, and temporal factors such as stress and aging.
Evidence regarding the individual mediators of susceptibility
supports the plausibility of a continuous distribution of
susceptibility in the human population.

Some researchers have attempted to determine the range of
susceptibility due to the general variability in physiological
parameters that may affect target organ dose. Their results
indicate that the difference in susceptibility between the most
sensitive 1 percent of the population and the least sensitive
1l percent might be as small as a factor of 36 (if the logarithmic
standard deviation was 0.9) or as large as a factor of 50,000 (if
the logarithmic standard deviation were 2.7) .23

Certain groups of individuals within the population are
inherently more sensitive to carcinogen exposure than others.
Factors that influence susceptibility include age, race, sex, and
genetic predisposition. An example of a sensitive subpopulation
is children. This subpopulation can be more sensitive to certain
chemicals and more susceptible to cancer for a variety of
reasons, including:

. Children have faster breathing rates than adults and,
thus, inhale larger quantities of a pollutant,
relative to their body weights.

. Organs in children are still growing and developing
and are, therefore, more prone to disruption by an
environmental agent.

. Children spend substantially more time outdoors than
adults and may be exposed to higher concentrations.

U Young organisms appear to be inherently suspectible
to many carcinogens. Young experimental animals have
been shown repeatedly to acquire more tumors in a
shorter time with a smaller dose than adult animals.

In most circumstances, as with this study, there are not enough
data available to perform separate quantitative dose-response
assessments for these sensitive subpopulations. Obviously,
children are not included in the work force at plants where much
of the epidemiology data are collected.
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.As stated above, the IURE is based on the assumption that
exposure to a particular agent occurs over a 70-year lifetime
under the same conditions to which the study group was exposed.
For animals, it is essentially steady and constant exposure over
a lifetime; for humans, it is varying exposure over their working
career at a particular plant. In effect, this assumes that risk
is independent of dose rate. Recent research suggests that
cellular repair mechanisms exist that can reverse the damage
caused by a carcinogen, and it is likely that these mechanisms
operate most effectively after low doses or in the absence of
repeated doses. Therefore, variability in exposure would also
influence or create a variability in how effective the IURE
predicts risk.

6.13 PRELIMINARY QUANTITATIVE UNCERTAINTY AND VARIABILITY
ANALYSIS FOR INHALATION EXPOSURE AND RISK ASSESSMENT

6.13.1 Introduction

Risk assessment is a complex process, and uncertainty will
be introduced at every step in the analysis. Even using the most
accurate data with the most sophisticated models, uncertainty is
inherent in the process. There are a number of uncertainties
associated with the exposure assessment of emissions from
utilities. These include parameter estimation (test results),
model choice, and the use of simplifying assumptions.

Uncertainty in emissions and exposure estimates can result
from uncertainty (i.e., doubt or ignorance of the true value) or
from variability (i.e., known range of values over time, space,
or within a population). A quantitative uncertainty analysis was
conducted for the direct inhalation exposure part of this risk
assessment. The evaluation of uncertainty in the estimation of
emissions, dispersion and exposure is summarized here. See
Appendix G for details on the uncertainty analysis. This
uncertainty evaluation does not include consideration of the
impacts (and associated uncertainties) due to long-range
transport and multipathway exposures. The focus of this
particular analysis is the uncertainties and variability of the
inhalation exposure within 50 km of the plants.

The need for formal uncertainty analysis as a part of any
risk assessment and its aid in conveying results of the risk
assessment are widely accepted, having been proposed in both the
EPA Risk Characterization Guidance and the NRC Committee Report:
Science and Judgement in Risk Assessment.?® Furthermore, any
procedure that relies on a combination of point values (some
conservative and some not conservative) yields a point estimate



of exposure and risk that falls at an unknown percentile of the
full distributions of exposure and risk.

The risk estimates presented in previous sections were
derived by utilizing various input data and assumptions. The
results were presented as point estimates of risks. The
following uncertainty analysis was conducted to determine the
degree of conservatism.

The uncertainty analysis focused on the three HAPs (nickel,
arsenic, and chromium) that accounted for over 95 percent of
cancer incidence. An analysis of uncertainty on these three HAPs
accounts for much of the uncertainty in the overall risk
estimates.

6.13.2 Approach to Quantitative Uncertainty Analysis

Uncertainty has been classified into four types (parameter
uncertainty, model uncertainty, decision-rule uncertainty, and
variability). The first two, parameter uncertainty and model
uncertainty, are generally recognized by risk assessors as major
sources of uncertainty. Parameter uncertainty occurs through
measurement errors, random errors, Or systematic errors when
variables cannot be measured precisely either because of
equipment limitations or because the quantity being measured
varies spatially or temporally. Model uncertainty can result
from surrogate variables, excluded variables, abnormal
conditions, and/or incorrect model form. Decision-rule
uncertainty arises out of the need to balance different social
concerns when determining an acceptable level of risk, which can
affect the choice of model, data, or assumptions. Variability is
often used interchangeably with the term "uncertainty," but this
is not strictly correct. Variability is the unchanging and
underlying distribution of a parameter based on physical,
chemical, and/or biological processes (e.g., body weight within a
population). Even if variability is known (therefore, not in
itself uncertain), it still contributes to overall uncertainty of
the risk assessment.

This uncertainty analysis focused on parameter uncertainty
within the models and data available. Table 6-23 briefly
summarizes information regarding the parameters used in the risk
estimation process. Model uncertainties are not addressed in the
quantitative uncertainty analysis, but are described
qualitatively. Variability has been evaluated separately for
exposure-response, but is included in the overall estimate of
uncertainty related to emissions and exposure. The goal of this
uncertainty analysis is to estimate the range of possible risk
estimates considering the parameter uncertainty and variability.
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It should also be noted that there are other sources of
uncertainty, some of which may be significant, which could not be
evaluated quantitatively. These uncertainties are qualitatively
discussed.

The approach used in this analysis was to identify the
uncertainty with each of the parameters used in the risk
estimation process. First, the uncertainty associated with each
of these variables was described using an appropriate statistic
(e.g., mean and standard error of means) or as a probability
density function (the relative probability for discrete parameter
values). The standard error of the mean (SE) for each parameter
was the estimate of uncertainty and variability used rather than
the standard deviation for each parameter. Since the available
dose~-response data are based on lifetime exposure, and the cancer
risk assessment is concerned with long-term average exposures,
the SE is a more appropriate statistic. However, it should be
noted that using the SE from a sample may be an overconfident
estimate (i.e., too narrow a range) of uncertainty (see Appendix
G for explanation).

In general, numerical methods (i.e., Monte Carlo simulation)
were then used to develop a composite uncertainty distribution by
combining the individual distributions. In Monte Carlo
simulations, the risk and/or model equations are repeatedly
solved using randomly sampled values from the specified
distributions to calculate a distribution of risk wvalues. These
risk distributions were derived for estimates of MIR and
population risks. Because variability was not specifically
differentiated in the analysis of emissions and dispersion
modeling, uncertainty and variability were simulated together in
a one-dimensional Monte Carlo simulation.

The uncertainty analysis was conducted on the three majorxr
components of the risk assessment process: emissions
characterization, dispersion and exposure modeling, and
exXposure-response assessment. Each of these is summarized
briefly below. Figure 6-5 provides an example of how the
uncertainty from each of these components is combined into an
overall distribution. A detailed uncertainty analysis could not
be conducted on all of the utility plants. Therefore, a total of
four plants (two oil-fired and two coal-fired plants) were
selected which contribute most to risk, the highest estimated
incidence and the highest maximum individual risk. Each of these
plants was analyzed for arsenic, nickel, and chromium. The
highest incidence oil-fired plant (Plant No. 29) accounted for
about 7 percent of the annual cancer incidence and, therefore,
was chosen for illustration purposes.
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.6.13.2.1 Emissions Characterization Uncertainty. An
emissions factor program was developed by EPA to estimate
plant-specific emissions rates based on fuel type, fuel origin,
plant configurations, and emissions testing results. The
emission factor program (including principles and rationale) and
the data used are described in chapter 3 and appendix D. This
program is based on a mass-balance concept, reducing
concentrations in the fuel due to the impact of the boiler and
control devices.

The parameters used in the emissions characterization were:
fuel consumption (coal: ton/yr, oil: barrel/yr), HAP (trace
element) concentration in fuel, coal cleaning factor (if needed),
emissions modification factors for the boiler (EMF,,
boiler-specific factor to a